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(54) Method and apparatus for controlling overdrive in a f rictionally driven system including a 
conformable member 



(57) A method and apparatus are disclosed for con- 
trolling image defects related to transfer of toner images 
in an electrostatographic machine. An engagement be- 
tween an operational surface of a toner image bearing 
member and an operational surface of another member 
forming a transfer nip is adjusted using an engagement 
adjustment device (26,27) in order to reduce or elimi- 
nate image defects relating to an overdrive or under- 
drive associated with the nip. A transfer nip for transfer- 
ring a toner image may include two rollers (11 ,21) sup- 
ported by parallel shafts coaxial with each roller, the 
shafts separated by a controllable distance of separa- 
tion and the engagement in the nip being controllably 
adjustable by an engagement adjustment device 
(26,27) to increase or decrease the distance of separa- 
tion. The engagement adjustment device (26,27) pro- 
vides a preselected amount of overdrive or underdrive 
between a toner image forming member and a receiver 
member to which a toner image is transferred, which 
preselected amount includes zero. An engagement ad- 
justment device (26,27) of the subject invention may al- 
so be employed to control an overdrive or an underdrive 
in a fusing station of an electrostatographic machine. 
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Description 

[0001] The invention relates generally to apparatus 
and methods for using frictional drives including con- 
formable rollers in elect rostatography, and more partic- 
ularly to the use of frictional drives for transferring toner 
images in electrophotography. 

[0002] During the production of color images in an 
electrostatographic engine in general and in an electro- 
photographic engine in particular, latent images on pho- 
toconductive surfaces are developed by electrostatic at- 
traction of triboelectrically charged colored marking ton- 
ers. A latent image is created in a color electrophoto- 
graphic engine by exposing a charged photoconductor 
(PC) using, for example, a laser beam or LED writer. 
Individual writing of each latent image must be properly 
timed so that the various toner images developed from 
the latent images can be transferred in registry. Each of 
these toner images corresponds to one of several color 
separations that will make up a final color image. The 
toned image separations must then be transferred, in 
register, to either a receiver or to an intermediate trans- 
fer member (ITM). The toner images can be transferred, 
either sequentially from a plurality of photoconductive 
elements to a common receiver in proper register, or 
transferred, sequentially, in proper register, to one or 
more ITMs from which all images are then transferred 
to a receiver. Alternately, each photoconductive surface 
may be associated with its own ITM, which transfers its 
toned image, in proper register with those of the other 
ITMs, to a receiver, for the purpose of enhancing the 
transfer efficiencies as described more fully in T. Tombs 
et al., U.S. Patent No. 6,075,965. A toner image on the 
receiver is thermally fused in a fusing station, typically 
by passing the receiver through a pressure nip which 
includes a fuser roller and a pressure roller. 
[0003] A key feature is that transfers must be per- 
formed in proper registry. The degree of misregistration 
that can be tolerated in an acceptable print depends on 
the image quality specifications. For high image quality 
color applications, allowable misregistration is typically 
less than 0.004 inch (0.1 mm) and preferably less than 
0.001 inch (0.025 mm). Misregistration is often exam- 
ined using 1 0x to 20x loupes to determine relative posi- 
tions of interpenetrating fiducial line or rosette patterns. 
In systems involving elastomeric rollers and in particular 
in machines including compliant incompressible elasto- 
meric rollers as intermediate transfer members as de- 
scribed by D. Rimat et al. in U.S. Patent No. 5,084,735, 
the rollers are known to deform as they roll under pres- 
sure against a photoconductive surface which may in- 
clude a web or a drum. These intermediate transfer 
members also undergo deformations as they roll against 
receiver materials either as continuous webs or as cut 
sheets that can be supported by a web or by a backup 
roller assembly, or by combinations of these. Other prior 
art disclosing ITMs include U.S. Patent Nos. 5,110,702; 
5,187,526; 5,666,193 and 5,689,787. 
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[0004] Deformations of conformable members pro- 
duce a phenomenon known as overdrive. Overdrive re- 
fers to the fact that in a nip including an elastomeric roller 
and a relatively rigid roller that roll without slipping, the 

5 surface speed of the rigid roller exceeds the surface 
speed of that portion of the elastomeric roller that is far 
from the nip. Far away from the nip means at a location 
where any distortions caused by the nip are negligible. 
The difference in peripheral speeds far from the nip is a 

10 result of the strains occurring in the elastomeric roller 
surface as it approaches and enters the nip. 
[0005] The concept of overdrive may be better under- 
stood by referring to the sketches in FIGS. 1 and 2. 
[0006] In FIG. 1a, a rigid cylindrical wheel or roller is 

15 driven without overdrive. In such an example, each point 
on the periphery has a velocity v 0 given by the product 
of the angular velocity to co and the radius r of the roller, 
i.e.,v 0 = tor. 

[0007] In FIG. 1 b, a def ormable externally driven roller 

20 is illustrated. The deformation illustration is exaggerated 
to facilitate explanation of the concept that when a sub- 
stantially incompressible compliant member is in a 
transfer nip, for example, a deformation will occur that 
causes the radius to be smaller in the nip area but to 

25 bulge out at p re-nip and post-nip areas. The dotted line 
shows the original circular rigid case of FIG. 1a for com- 
parison. The relationship of v 0 = co r still holds true for 
points on the roller far from the nip area where there is 
no deformation. However, this relationship is not true for 

30 the points in the pre-nip, nip and post-nip areas. For the 
roller illustrated in FIG. 1 b the speed of a point In the nip 
area has a higher magnitude than that far from the nip. 
The speed ratio of the roller surface in the nip divided 
by the speed at a point far from the nip area character- 

35 izes overdrive. 

[0008] More particularly consider, for example, a con- 
formable roller having an externally driven axle, friction- 
ally driving with negligible drag a movable planar ele- 
ment having a non def ormable surface. If the external 

40 radius of the roller far from the nip is r and the peripheral 
speed of the roller far from the nip is v 0 , then the surface 
velocity v nip of the distorted portion of the roller in nonslip 
contact with the planar surface is given by 

v nlp = *«> r 

where X is a speed ratio defined by 
* = (v n fc'v 0 ). 

[0009] As defined here, overdrive (or underdrive) is 
numerically equal to the absolute value of the speed ra- 
55 tio minus one. The value of X is determined principally 
by an effective Poisson's ratio of the roller materials, 
such as produced by a roller including one or more lay- 
ers of different materials, and secondarily, by the defor- 
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mation geometry of the nip produced by the engage- 
ment. The Poisson ratios of high polymers, including 
elastomeric polymers which for practical^ purposes are 
almost incompressible, approach 0.5. The Poisson ra- 
tios for highly compressible soft polymeric foams ap- 
proach zero. It has been shown by K. D. Stack, "Non- 
linear Finite Element Model of Axial Variation in Nip Me- 
chanics with Application to Conical Rollers" (Ph.D. The- 
sis, University of Rochester, Rochester, N.Y. (1995), 
FIGS. 5-6 and 5-7, pages 81 and 83) that the value of 
Poisson's ratio for X = 1 is about 0.3 for a roller driving 
a rigid planar element. For values of Poisson's ratio larg- 
er than about 0.3, the circumference of the roller distort- 
ed by the nip is greater than 2nr, producing overdrive of 
the planar element with respect to the roller, i.e., the sur- 
face speed v n[p of the distorted portion of the elastomeric 
roller within the nip and hence that of the planar element 
is greater than v 0 (i.e., X >1). For values of Poisson's 
ratio smaller than about 0.3, the circumference of the 
elastomeric roller distorted by the nip is less than 2nr t 
producing underdrive of the planar element with respect 
to the roller, i.e., the surface speed v n ^ within the nip is 
smaller than v 0 (i.e., X <1). Conversely, if a nondeform- 
able planar element frictionally drives, with negligible 
drag, a roller having a Poisson ratio less than about 0.3 
and causes it to rotate, one may speak of overdrive of 
the roller with respect to the planar element because the 
surface speed of the driven roller far from the nip is faster 
than the speed of the planar element. 
[0010] With reference to FIG. 2b, when a roller trans- 
fer member formed of an elastomer that has a Poisson 
ratio of about 0.45 to about 0.5 is driving a rigid planar 
element that is moving through a nip and there is no slip- 
page between the roller and the rigid element, the rigid 
element will be overdriven relative to the speed of the 
roller far from the nip. Where the roller is formed of a 
compressible material (I.e., experiences relatively large 
volume reduction upon compression), such as a foam, 
the distortion of the roller may be such (see FIG. 2a) that 
the surface of the roller is contracted rather than 
stretched. Compare FIG. 2a with the example of the 
elastomeric roller of FIG. 2b having little or no volume 
change upon compression, with each roller shown in 
driving engagement with a rigid planar element. In the 
example of the highly compressible roller (relatively 
large volume change upon compression) of FIG. 2a, the 
rigid planar element such as a recording sheet may be 
subject to an underdrive condition. 
[0011] For purpose of further illustration, FIG. 2c illus- 
trates an exemplary apparatus, indicated by the numer- 
al 5, which includes two counter-rotating rollers 1 and 2 
forming a pressure nip 3. Far away from the nip, rollers 
1 and 2 have peripheral speeds v 1 and v 2 respectively. 
Roller 2 is hard, and roller 1 is conformable, with roller 
1 having a strained volume portion sketched by a cross- 
hatched region 4 in the vicinity of the nip (deformation 
of the surface of roller 1 is not depicted). Hereinafter, 
the terms "hard" and "non-conformable" are used inter- 



changeably, and refer to materials for which the Young's 
modulus is greater than or equal to 100 MPa. Consider 
that one of the axles P or Q is caused to rotate by the 
actioTi^f aTTexternai agent, "such as for example a motor, 

5 and the other axle is rotated by nonslip friction in the nip. 
The externally rotated roller is a driving roller, while the 
other is a (frictionally) driven roller. There are four ex- 
treme cases to consider. Case 1 : roller 1 is the driving 
roller, and region 4 is a substantially incompressible 

10 elastomer, whereupon as explained above the periph- 
eral velocity v 2 of roller 2 far from the nip is greater than 
the peripheral velocity v 1 of roller 1 far from the nip, and 
roller 2 is said to be overdriven. Case 2: the same ma- 
terials as case 1 , except that roller 2 is the driving roller 

15 and roller 1 is the driven roller, whereupon roller 1 is said 
to be underdriven. Case 3: roller 1 is the driving roller, 
and region 4 is a compressible resilient foam, whereup- 
on the peripheral velocity v 2 of roller 2 far from the nip 
is smaller than the peripheral velocity v t of roller 1 far 

20 from the nip, and roller 2 is said to be underdriven. Case 
4: the same materials as case 3, except that roller 2 is 
the driving roller and roller 1 is the driven roller, where- 
upon roller 1 is said to be overdriven. It should be noted 
that It is common practice to use the term "overdrive" in 

25 a generic or nonspecific fashion where either overdrive 
or underdrive technically exists. 

[001 2] It may be understood that to produce a f riction- 
al drive involving a conformable roller, there is a "lock- 
down" portion within the contact zone of the nip where 
30 there is substantially no slippage between the driving 
and driven members. Moreover, during the continual for- 
mation and relaxation of the pre-nip and post-nip bulges 
or deformations on the conformable roller as it rotates 
through the nip, there may also be locations in the con-. 

35 tact zone of the nip where the surface velocities of the 
two surfaces in contact differ, i.e., there may be localized 
slippages. Such localized slippages may occur just after 
entry (i.e., before lockdown occurs) and just before exit 
of a transfer nip (i.e., after lockdown ceases). These pre- 

40 lockdown and post-lockdown slippages, if they happen, 
take place over distances which are small compared to 
the nip width, and occur in opposite directions inasmuch 
as they are related to the formation and relaxation of the 
pre-nip and post-nip deformations, respectively. In order 

45 to avoid confusion below, a frictional drive is hereinafter 
defined as being nonslip if a region exists in the nip (i. 
e., the lockdown region) wherein the coefficient of fric- 
tion is sufficiently large to provide a continuous frictional 
driving linkage between the contacting members within 

50 the nip. This definition excludes any localized slippages 
that may occur in the contact areas near the entry and 
exit of the nip, because these localized slippages are in 
opposite directions and any effects on the drive pro- 
duced by them effectively cancel. In other words, the 

55 frictional linkage in the "lockdown" portion is the only fac- 
tor of importance in determining a driving connection 
produced by the nip. Hereafter, the words "nonslip", 
"slip" and "slippage" refer to an externally measured be- 
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havior of the members involved in the frictional drive, e. 
g. , as described below in the specification of the present 
invention. 

[0013] Two materials in contact in a pressure nip may 
have different thicknesses or different Poisson ratios, so 
that overdrive at their interface can cause squirming and 
undesirable stick-slip behavior. For example, when roll- 
er transfer members are used to make a color print, such 
behavior can adversely affect the final image quality, e. 
g., by causing toner smear or by degrading the mutual 
registration of color separation images. Moreover, vari- 
ations in overdrive, which are referred to herein as "dif- 
ferential overdrive" can occur along the length of a pres- 
sure nip, such variations being caused, for example, by 
local changes in engagement, such as produced by ru- 
nout, or by a lack of parallelism,' or by variations of di- 
mensions of the members forming a pressure nip, such 
as for example out-of-round rollers. A differential over- 
drive caused by runout, such as produced by a roller 
having a radius as measured from the axis of rotation 
that varies around the roller circumference, results in a 
speed ratio that fluctuates as the roller rotates. 
[0014] Herein, the term engagement, in reference to 
a pressure nip formed between two members having op- 
erational surfaces, is defined as a nominal total distance 
the two members are moved towards one another to 
form the nip, starting from an initial undeformed, barely 
touching or nominal contact of the operational surfaces. 
In FIGS. 1 a and 1 b, for example, the engagement is the 
distance the axis of rotation of the roller is moved to- 
wards the rigid planar element from a nominal initial 
kissing position. In an example of two parallel rollers, 
the engagement is an initial separation of the two axes 
of rotation (defined by a nominal initial kissing position 
with neither roller distorted) minus the actual separation 
of the axes after the nip is formed. 
[0015] During transfer of a toner image in an elasto- 
meric nip exhibiting overdrive or underdrive, an image 
experiences a length change in the process direction. 
This change in length causes a distortion in the final im- 
age that is objectionable. Change in the writing speed 
of an electrostatic latent image can correct for overdrive 
in a simple single-color engine. In a color electrophoto- 
graphic engine, however, high quality color separations 
preferably are properly registered to a spatial accuracy 
comparable with the resolution of the image. In a color 
electrophotographic engine including a plurality of color 
stations, proper registration can be achieved by having 
each color station behave exactly in the same manner 
with respect to image distortion, e.g. by using rollers 
made as identical as possible to each other. However, 
this is expensive and impractical. 
[0016] Specifically, in orderto produce proper electro- 
photographic images using techniques of the prior art, 
properties of rollers must not vary outside predeter- 
mined acceptable tolerances. The properties include 
acceptable runout, reproducible and uniform resistivity 
and dielectric properties, uniform layer thicknesses, par- 



allelism of the members, and responses of the rollers to 
changes in temperature and humidity experienced dur- 
ing routine operation and machine warm-up. Rollers 
must also maintain their properties within tolerances 
5 during wear processes so that adverse effects are not 
experienced on the final images as a result of wear. If 
the effects of wear cannot be compensated, the compo- 
nents must be replaced. 

[0017] A roller may have variations in the location of 

10 the roller surface relative to the roller center as a func- 
tion of angle during rotation that is commonly known as 
"runout". Runout may be caused by out of round rollers 
or by improper centering of an otherwise round roller or 
both. Runout may vary along the length of a roller. Since 

15 the magnitude of the overdrive produced by a deforma- 
ble roller depends on engagement, runout will tempo- 
rally and spatially modify the engagement and overdrive 
during the production of a single image, producing dis- 
tortions that are objectionable. Runouts of 0.001 inch 

20 (0.025 mm) can produce unacceptable registration 
problems, with runouts of less than 0.0002 inch (0.05 
mm) needed to achieve acceptable registration based 
on measured sensitivity of overdrive to engagement. 
[0018] Further, rollers used in these applications are 

25 made from polymers that can change dimension by ab- 
sorption of moisture and can change dimensions due to 
temperature changes. These dimensional changes fur- 
ther complicate the registration of color separations if 
the changes are not the same in each of the color sep- 

30 aration stations included in a color electrostatographic 
engine. 

[0019] , Methods based on the prior art to produce a 
workable electrophotographic engine with useful image 
quality require very expensive manufacturing processes 
35 to control the properties and dimensions of the elasto- 
meric rollers. 

[0020] What is needed is a method to alleviate or ef- 
fectively eliminate image distortion caused by overdrive 
or underdrive phenomena. While this can be performed 
40 by expensive algorithms to the writing scheme using 
sensors to detect surface speeds of elements during 
writing and transfer, a much more cost-effective method 
is desired. 

[0021] There are several disclosures in the prior art 
45 that relate to the peripheral speeds of rollers. T. Miya- 
moto et al., "Image Forming Apparatus with Peripheral 
Speed Difference Between Image Bearing and Transfer 
Members", U.S. Patent No. 5,519,475 have mentioned 
this explicitly in their title but the entire disclosure of this 
50 patent is about the roughness characteristics of elasto- 
meric surfaces. U.S. Patent No. 5,519,479 teaches the 
use of peripheral speed differences between a photo- 
conductive member and an intermediate transfer mem- 
ber (fTM) to reduce the apparent roughness of the sur- 
55 face. The patent notes transfers from the photoconduc- 
tive members to transfer intermediates where there is a 
peripheral speed difference of 0.5% to 3%. Another pat- 
ent, K. Tanigawa et al., "Image-Forming Apparatus with 
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Intermediate Transfer Member", U.S. Patent No. 
5,438,398 also includes disclosure relating to peripheral 
speeds. In particular, embodiments 6 &_7 suggest that 
an intentional peripheral speed difference of 1 % helps 
with "central dropout" defects. The patent notes that 
transfers of images are intentionally provided with dif- 
ferences in peripheral speeds but no description is pro- 
vided relative to overdrive or underdrive as described 
herein. Another reference is M. Yamahata et al., "Drive 
Mechanism for an Electrophotographic Apparatus for 
Ensuring Equal Rotational Speeds of Intermediate 
Transfer Devices and Photosensitive Devices", U.S. 
Patent No. 5,390,010. This reference specifically ad- 
dresses the behavior of web photoconductors (PCs) 
and web ITMs with the central idea to use the same drive 
motor to drive an intermediate transfer web drive roller 
which in turn drives the web drive roller of a photocon- 
ductive web. Thus, disturbances in surface speed of the 
ITM web, such as might be caused by engagement of a 
cleaning station, etc., would be transmitted to the PC 
web so that there would not be image degradation due 
to slippage. Yamahata et ai. do not discuss how this 
would affect the writing of an image. There is no disclo- 
sure in this patent of transfers where a nip is formed by 
an elastomeric member and the problems of overdrive 
or underdrive as it affects image registration. It is clear 
that this reference addresses the problem of slippage of 
the ITM relative to the PC when such slippage is caused 
by disturbances of the system. 

[0022] U.S. Patent No. 5,790,930 discloses a means 
for correcting for misregistration between an image-car- 
rying member and an intermediate transfer web due to 
variations in the length of the two members. It accom- 
plishes this by means of forcing a periodicity in the drive 
speeds. It can achieve this by means of either two mo- 
tors or a single motor. 

[0023] U.S. Patent No. 5,376,999 discloses a method 
of correcting for speed mismatches between a photo- 
conducting element and an intermediate transfer web 
due to the stretching of that web arising from the tension 
applied to that web. The strains described in this patent 
occur outside the nip. The patent discloses allowing one 
member to slip with respect to the other where both 
members are driven. There is no discussion of an elas- 
tomeric intermediate transfer member in this patent. In 
an elastomeric intermediate transfer member, the dis- 
tortions occur due to the presence of stresses applied 
normally to the surface of the elastomeric member in the 
nip rather than due to stresses applied parallel to the 
surface of the elastomeric member. 
[0024] U.S. Patent No. 5,966,559 discloses a method 
and apparatus for adjusting a transfer nip between a ton- 
er image bearing member and a transfer backup roller 
in order to accommodate receiver stocks having differ- 
ent thicknesses. A sensor senses a parameter related 
to the thickness of a receiver member priorto movement 
of the receiver into the transfer nip and an adjustment 
device adjusts the nip spacing in order to reduce or elim- 



inate an impact of the receiver entering the nip. This pat- 
ent does not teach the use of the adjustment device to 
control engagement In the transfer nip. 
[0025] In electrostato graph y in general and, more 

s particularly in electrophotography, the elimination of 
overdrive or underdrive in a conformable nip is desirable 
because overdrive and variations in overdrive can 
cause image defects such as misregistration of color 
separation images objectionable to the customer. 

10 Therefore it is an object of the invention to provide sim- 
ple, inexpensive means to control or eliminate overdrive 
related registration artifacts. 

[0026] To achieve this object the invention includes a 
method and apparatus as set forth in the independent 
15 claims to control image defects related to toner images 
in an electrostato graphic machine, including defects 
such as misregistration associated with overdrive or un- 
derdrive and variations in overdrive and underdrive in a 
toner transfer station or a toner fusing station in an elec- 
ta trostatographic machine. 

[0027] Specifically, an engagement between an oper- 
ational surface of a conformable toner image bearing 
member and an operational surface of another member 
forming a transfer nip is adjusted using an engagement 
25 adjustment device to control an overdrive or underdrive 
associated with the nip. In a transfer nip for transferring 
a toner image includes two rollers supported by parallel 
shafts coaxial with each roller, the shafts separated by 
a controllable distance of separation and the engage- 
so ment in the nip being controllably adjustable by an en- 
gagement adjustment device to increase or decrease 
the distance of separation. In a specific embodiment of 
the invention, a transfer system includes a first transfer 
nip formed by a primary image forming member roller 
35 having a coaxial supporting first shaft and an intermedi- 
ate transfer member roller having a coaxial supporting 
second shaft separated from the first shaft by a first con- 
trollable distance of separation, and a second transfer 
nip formed by the intermediate transfer roller and a 
40 transfer backup roller, the transfer backup roller having 
a coaxial supporting third shaft separated from the sec- 
ond shaft by a second controllable distance of separa- 
tion, wherein the engagement in each of the first and 
second transfer nips is separately and controllably ad- 
*5 justable by an engagement adjustment device to re- 
spectively increase or decrease the distance of separa- 
tion between the first and second shafts and the dis- 
tance of separation between the second and third 
shafts. Preferably, an engagement adjustment device 
so used according to the present invention in a toner trans- 
fer station provides a preselected amount of overdrive 
or underdrive between a toner image forming member 
and a receiver member to which a toner image is trans- 
ferred. A transfer system according to the present in- 
55 vention may have a steady state controlled overdrive or 
underdrive, including the possibility of zero overdrive. 
[0028] This invention discloses a general scheme for 
use in an electrostatographic machine, e.g., an electro- 
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photographic reproduction device, to compensate for or 
accurately control an overdrive or underdrive that oc- 
curs when cylindrical ly symmetric conformable rollers, 
e.g., elastomeric rollers, are made to roll against surfac- 
es that cause them to deform, thereby inducing strains 
in their surfaces. A difference in surface speeds result- 
ing from overdrive or underdrive in a pressure nip is a 
result of strains occurring in a conformable roller surface 
as it approaches and enters the nip. In addition to strains 
produced by formation of the nip, external drag forces 
and external drag torques transmitted through a nip also 
cause strains in the surface of a conformable roller and 
thereby contribute to an observed magnitude of over- 
drive or underdrive. Since the magnitude of an overdrive 
or underdrive increases as the engagement between a 
conformable member and another member is in- 
creased, the overdrive or underdrive may be increased 
or decreased as the engagement is increased or de- 
creased, respectively. Generally, the subject invention 
controls or eliminates overdrive or underdrive by provid- 
ing a means for controllably and accurately adjusting 
one or more engagements between operational surfac- 
es of moving members forming pressure nips with one 
another in a frictional drive. The invention may be used 
with pressure nips formed by rotatable members includ- 
ing rollers or webs, and a web may be included within a 
nip. The rotatable elements of the subject invention are 
shown as both rollers and webs in the examples of this 
description but may also include drums, wheels, rings, 
cylinders, belts, segmented platens, platen-like surfac- 
es, and receiver members Including receiver members 
moving through nips or adhered to drums or transport 
belts. As applied for example to a system of frictionally 
driven rollers included in a station for transferring a toner 
image from a toner image bearing member to another 
member, the invention provides controllable adjust- 
ments of the individual engagements between pairs of 
rollers, the adjustments being provided separately or si- 
multaneously. More generally, the invention may be 
used in an electrostatographic machine for any system 
of frictionally driven rotatable elements in mutual nonslip 
engagements with one another, the rotations of which 
are produced by a pre-specif ied element which is a driv- 
ing member. The driving member may be a roller, a web 
or other suitable member in frictional driving relation to 
one or more of the driven elements. 
[0029] The application of suitable adjustments of en- 
gagement between a conformable member and another 
member can control overdrive or underdrive to accept- 
able or predetermined levels, or eliminate it. The adjust- 
ments of engagement can be applied to one or more 
members of a frictional drive train by an engagement 
adjustment device. An engagement adjustment device 
(EAD) is any mechanism known in the art for increasing 
or decreasing an engagement between rollers or be- 
tween a roller and a web. An engagement adjustment 
device may include screws, cams, differential screws, 
gears, levers, ratchets, wedges, springs, tensioning 



10 

members, motors, actuators, piezoelectrics, hydraulics, 
pneumatics, and the like. The magnitudes of the adjust- 
ments may be set manually or through an automatic sys- 
tem such as a servo system designed to directly control 

s the overdrive or underdrive to specific values. The ad- 
justments may be provided to control one or more indi- 
vidual nips, or the adjustments may be provided to con- 
trol a net overdrive (or underdrive) measurable between 
any pair of members forming a succession of nips. Sen- 

10 sors may be used in such servo systems to assess the 
value of the adjustment(s) needed and so change the 
engagement(s) by the appropriate prime mover(s) 
through a feedback loop. 

[0030] Although the various transfer embodiments 

15 will be described with reference to conformable and 
preferably compliant elastomeric intermediate transfer 
rollers and more generally to conformable intermediate 
transfer members (roller or belt), it will be appreciated 
that the electrostatographic primary image forming 

20 member may be made in the form of a compliant elas- 
tomeric roller and a toner image formed thereon trans- 
ferred directly to a receiver sheet that is supported on a 
platen or a preferably non-compliant transfer roller while 
being driven through the transfer nip. More generally, an 

25 electrostatographic primary image forming member 
may be a conformable roller or a non-conformable 
(hard) roller, and the platen or transfer roller may have 
any amount of compliancy when used for direct transfer 
of a toner image from a primary imaging member to a 

30 receiver sheet. 

[0031] This application is related to the following ap- 
plication filed by the same applicant on even date here- 
with: 

35 European Patent Application, entitled METHOD 
AND APPARATUS FOR USING A CONFORMA- 
BLE MEMBER IN A FRICTIONAL DRIVE, the dis- 
closure of which is hereby incorporated fully by ref- 
erence. 

40 

[0032] In the detailed description of the preferred em- 
bodiments of the invention presented below, reference 
is made to the accompanying drawings, in some of 
which the relative relationships of the various compo- 
45 nents are illustrated, it being understood that orientation 
of the apparatus may be modified. For clarity of under- 
standing of the drawings, the illustrated relative dimen- 
sions of elements of the embodiments of the invention 
may be exaggerated. 

50 

FIG. 1a is a schematic illustration of a rigid rotating 
roller; 

FIG. 1b is a schematic of an elastomeric rotating 
55 roller that is deformed when forming a nip (exagger- 
ated deformation shown); 

FIGS. 2a and 2b are respective schematic illustra- 
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tions each of a rotating elastomeric roller in engage- 
ment with a rigid planar element for the cases re- 
spectively of a highly compressible elastomeric roll- 
er material such as a foam material and an incom- 
pressible elastomeric roller material, wherein the in- 
compressible elastomeric material substantially re- 
tains an equal volume between strained and un- 
strained states; 

FIG. 2c schematically illustrates a conformable roll- 
er in nip engagement with a counter-rotating hard 
roller; 

FIG. 3a is a schematic side elevational view of an 
embodiment of the invention including two rollers of 
which at least one is conformable; 

FIG. 3b is a schematic side elevational view of an- 
other embodiment of the invention including three 
rollers of which at least one is conformable; 

FIGS. 3c and 3d show hypothetical illustrative 
graphs of speed ratio as function of engagement for 
an elastomeric nip including an elastomeric roller; 

FIG. 3e shows hypothetical illustrative graphs of net 
speed ratio as determined by two successive elas- 
tomeric nips in a three roller transfer system; 

FIGS. 4a and 4b are schematic side and front ele- 
vational views respectively of yet another embodi- 
ment of the invention; 

FIGS. 5a and 5b are schematic side and front ele- 
vational views respectively of still another embodi- 
ment of the invention; 

FIG. 6a is a schematic side elevational view of an- 
other embodiment of the invention; 

FIG. 6b is a schematic side elevational view an al- 
ternative to the embodiment of the invention shown 
in FIG. 6a; 

FIG. 6c is a schematic side elevational view of an- 
other alternative to the embodiment of the invention 
shown in FIG. 6a; 

FIG. 7 is a graph illustrating speed ratio (related to 
overdrive) vs. engagement for a compliant interme- 
diate transfer roller against a rigid plate; 

FIG. 8 is a schematic side elevational view of yet 
another embodiment of the invention; 

FIG. 9 is a schematic side elevational view of stilt 
another embodiment of the invention; and 



FIG. 10 is a schematic side elevational view of an- 
other embodiment of the invention. 

[0033] FIG. 3a illustrates a generalized embodiment 
5 of the invention, designated as 10, including a rotating 
conformable roller 11 of an electrostatographic machine 
forming a pressure nip 15 with a counter- rotating roller 
21 . Roller 21 may be a hard roller or may have conform- 
ability. Apparatus 10 may be included in a toner transfer 
10 station as is well known in the art in which nip 15 is a 
transfer nip, roller 1 1 is a conformable toner image bear- 
ing member and roller 21 is a transfer backup roller bi- 
ased with a voltage from a power supply (not shown) to 
induce electrostatic transfer of a toner image, the con- 
's formable toner image bearing member being one of the 
following: an electrographic primary imaging roller or an 
electrophotographic primary imaging roller such as dis- 
closed for example in U.S. Patent Nos. 5,715,505, 
5,828,931 and 5,732,311, or an intermediate transfer 
20 member. Alternatively, apparatus 1 0 may be included in 
a toner fusing station in which nip 15 is a fusing nip and 
a toner image is fused to a receiver member (not shown) 
passing through the nip, roller 11 being a heated fuser 
roller and roller 21a pressure roller as is well known in 
25 the art. Apparatus 1 0 is useful for precisely controlling 
an overdrive or underdrive produced in nip 15. 
[0034] Conformable roller 11 rotates in a direction A t 
on a coaxial shaft 1 2 projecting from each end of roller 
11. Shaft, 12 is supported by bearings 13 secured to 
30 frame portions 14 of the electrostatographic machine. 
Roller 21 rotates in a direction A 2 on a coaxial shaft 22 
projecting from each end of roller 21 , shaft 22 being par- 
allel to shaft 12 and supported by bearings 23. One of 
the rollers 11 and 21 is frictionally driven by the other in 
35 a nonslip condition of engagement in nip 15. Either of 
the rollers may be rotated by a frictional contact with an 
external member (not shown), or may be driving ly rotat- 
ed by a motor connected, e.g., by a gearing connection, 
to either of shafts 12 and 22 (motor and gearing con- 
40 nection not shown). Generally, the frictional drive in nip 
15 produces an underdrive or an overdrive. For exam- 
ple, if aconformal roller 11 is made of a relatively incom- 
pressible elastomeric material and frictionally drives a 
roller 21 which is relatively hard, roller 21 will be over- 
^5 driven as explained previously above. An engagement 
adjustment device (EAD) is provided for controlling the 
amount of overdrive, e.g., by controlling the speed ratio 
(see above) to a preferably predetermined value. A pre- 
ferred EAD includes two parallel lever arms 24, each 
50 lever arm supporting a bearing 23 (one lever arm 24 and 
one bearing 23 are shown). Lever arms 44 are prefera- 
bly straight although any suitable shape may be em- 
ployed as is suitable. Lever arms 24 are fixedly secured 
to rigid frame portions 25 of the electrostatographic ma- 
55 chine (one frame portion 25 is shown). It is preferred 
that bearings 23 and lever arms 24 are attached to one 
another. An engagement in the nip 15 is adjusted by co- 
operatively moving lever arms 24 simultaneously up, or 
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simultaneously down, while maintaining parallelism be- 
tween shafts 12 and 22 (thereby respectively increas- 
ing i_PJL[©ducin g t ^gagement)^A prime mover (PM) is 
provided to move lever arms 24, the prime mover 27 
being applied preferably near to the free ends of the le- s 
ver arms for maximum mechanical advantage, as indi- 
cated by the double-ended arrow labeled R. The prime 
mover (not illustrated in detail) may for example include 
a piezoelectric actuator, a screw moving for example 
through a fixed plate, a cam mounted on an axle parallel 10 
to shafts 1 2 and 22, or any other suitable device for con- 
trolling the position of the lever arms. Movements of a 
prime mover may be accomplished by appropriate me- 
chanical coupling to a suitable drive mechanism, either 
via a manually activated drive or via a motor drive, or by 
electrical signals, e.g., to a piezoelectric actuator. The 
lever arms 24 are preferably rigid and are preferably 
moved independently by a separate prime mover acting 
on each lever arm, in which case the lever arms may 
also serve for adjusting parallelism between shafts 12 20 
and 22. Alternatively, the lever arms 24 may be yoked 
together and acted upon by one prime mover. The frame 
portions to which lever arms 24 are secured, e.g., frame 
portion 25, are preferably sufficiently strong such that 
negligible strain is produced in the frame portions or in 25 
the junctions between the lever arms and the frame por- 
tions when the lever arms are moved by the prime mov- 
er. Similarly, frame portion supporting bearing 13 is suf- 
ficiently strong so that negligible strain is produced when 
lever arms 24 are moved. Itwillbe appreciated that very 30 
small changes of engagement may be achieved for rel- 
atively small motions provided by the prime mover(s). 
For example, in FIG. 3a let the point B be located on an 
extension of an imaginary line through the centers of 
shafts 1 2 and 22, the point B also being located on a 35 
straight line ABC perpendicular to the extension at B, 
the distance AC being the same as the length of a lever 
arm 24. If point A moves up a very small distance, say 
A, the distance between shafts 12 and 22 will be de- 
creased by an amount equal to (BC/AC)A, and if, for ex- 40 
ample AC = 3BC, an engagement may consequently be 
readily increased by an amount A/3. Typically, changes 
of engagement required to be produced by the appara- 
tus 10 are less than about ± 0.075 mm or less, and if 
AC = 3BC it may be seen that the corresponding motions *s 
of the free end of lever arm 24 along arc R will be about 
± 0.225 mm or less. Generally, the range of movements 
along arc R depends on the mechanical advantage of 
the lever arms 24. A screw mechanism such as a differ- 
ential screw may for example be used to provide accu- so 
rate, repeatable precision movements of lever arms 44. 
Alternatively, a cam having for example a slightly ellip- 
soidal shape, i.e., of low eccentricity, may be used to 
provide the motions indicated by the double ended ar- 
row R. As a mechanically equivalent alternative to using ss 
lever arms 24 for moving roller 21 against the fixed axis 
roller 11 as shown in FIG. 3a, the axis of roller 21 may 
instead be the fixed axis and lever arms similarly used 
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to move conformable roller 11 to alter the engagement 
(not illustrated). Although levers 24 may be included in 
a preferred engagement adjustment device for adjusting 
an engagement between a conformable roller and an- 
other roller, e.g., such as shown in FIG. 3a, the invention 
includes any suitable means for controllably adjusting 
the engagement to provide a predetermined speed ra- 
tio, e.g., between rollers 11 and 21. 
[0035] A logic and control unit (LCU) may be em- 
ployed to control the motion of the prime mover(s) of an 
engagement adjustment device (EAD) used to control 
the engagement in nip 15. For example, the LCU sends 
signals to prime mover(s) to actuate lever arms 24, e. 
g., through a feedback loop using for example sensors 
16 and 26 to sense the movement of fiducial marks 
placed for example on the outer surfaces of rollers 11 
and 21 , respectively. The sensors send signals to the 
LCU and from the LCU other signals are sent to actuate 
the prime mover(s) and ultimately the lever arms 24. The 
fiducial marks are preferably In the form of identically 
spaced parallel fine lines or bars. These lines or bars 
are preferably perpendicular to the direction of rotation 
of the rollers, and preferably have a predetermined cent- 
er-to center distance which is known precisely. The fi- 
ducial marks may be included as permanent markings 
of, or in, the outer layers of rollers 11 and 21 and may 
be placed for example near one edge of each of the roll- 
ers, i.e., outside of the toner image area of a toner trans- 
fer station (or the image fusing area of a toner fusing 
station). Alternatively, fiducial marks such as in the form 
of fine lines or rulings may be provided on wheels se- 
cured coaxially to shafts 1 2 and 22. It will be evident that 
the movement of the fine markings or rulings past the 
sensor may be interpreted by the LCU as an angular 
velocity, whereupon if the outer radius of the ITR is 
known with precision, the surface speed of a roller may 
be calculated as the product of this radius multiplied by 
the measured angular velocity. 

[0036] In an apparatus 10 including roller 11 as an 
electrostatographic toner image bearing member, e.g., 
a primary image forming member or an intermediate 
transfer member, the fiducial marks on the surface of 
the roller may be provided in the form of a toner test 
image, such as for example an electrophotographically 
created set of parallel equi-spaced toned bars or lines 
formed perpendicular to the direction of rotation of roller 
1 1 . These toned bars or lines on the surface of roller 1 1 
are preferably formed at a known spatial frequency, i.e., 
the number of bars or lines written per unit length is, say, 
equal to f and is stored in the LCU. The toner test image 
is transferred via nip 15 to a receiver (not shown), and 
the receiver may be a test sheet used specifically for 
adjusting overdrive or underdrive. The receiver may be 
adhered to roller 21 and sensor 26 used to measure a 
frequency, say f , of passage of the toned bars or lines 
on the receiver past the sensor, and this frequency is 
sent to the LCU. Generally, as a result of overdrive or 
underdrive in nip 15, f and f will not be the same. An 
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adjustment of engagement is provided via lever arms 
24 such that a difference (f - f) between the frequencies 
f and f is made equal to an operational or a predeter- 
mined value stored in the LCU. This operational or pre- 
determined value corresponds to an operational or pre- 
determined speed ratio of the peripheral speeds of roll- 
ers 11 and 21 farfrom nip 15. Alternatively, the test sheet 
may not be adhered to roller 21 after passage through 
the nip 15, and a sensor (not shown) may be used to 
measure a spatial frequency f" on a portion of the sur- 
face of the test sheet receiver carrying a transferred ton- 
er bar test image after that portion has passed through 
nip. A difference (f - V) is made equal to an operational 
or a predetermined value by the EAD. Inasmuch as em- 
bodiment 1 0 includes only two rollers, it is generally not 
possible using an EAD to eliminate overdrive (or under- 
drive) unless substantial drag forces or torques are 
present, such drag forces or torques being inherent to 
the system or applied by external mechanical means. 
As a result of controlling overdrive (or underdrive) to an 
operational or a predetermined level using the EAD, a 
toner image which is transferred, e.g., to a receiver in 
nip 1 5 from a conformable toner image bearing roller 1 1 
has a predictable distortion which may be eliminated or 
compensated for when creating the toner image on roll- 
er 11, e.g., by means of a programmable digital laser 
image writer as is well known. In a color electrostato- 
graphic machine that includes a plurality of similar indi- 
vidual color stations, each station may be used to make 
a similar set of short bars or lines, e.g., on a test receiver, 
with each set being preferably displaced, e.g., in a di- 
rection parallel to the axis of shaft 1 2, so that no set over- 
laps another, and a similar frequency measuring proce- 
dure is used in each station. When all stations have ad- 
justed the respective engagements by suitable EADs 
applied separately in each station so that the speed ra- 
tios are the same in all stations, it will be evident that a 
full color image made immediately subsequent to the 
test sheet passing through the machine will be in good 
registration. A test sheet may be utilized at any conven- 
ient time, e.g., between runs. Thereby, changes in di- 
mensions of rollers or other members due to wear, ag- 
ing, temperature changes and so forth may be compen- 
sated for in a simple way without the need for compli- 
cated adjustments to the individual image writers. 
[0037] Preferably, the prime mover 27 is a piezoelec- 
tric actuator applied to each of lever arms 24, each pie- 
zoelectric actuator supported or attached to a rigid 
frame portion of the electrostatographic machine, with 
actuation provided by a voltage to the actuator from a 
programmable power supply as controlled by the LCU 
(piezoelectric actuator support not illustrated). In order 
to compensate in real time for differential overdrive as- 
sociated for example with slightly out-of-round precision 
rollers 1 1 and 21 for which the runout is for example typ- 
ically of the order of 0.001 inch or less, an AC voltage 
signal may be applied to the piezoelectric actuators in 
order to dampen or null out fluctuations of engagement, 



i.e., fluctuations from a nominal or mean value of en- 
gagement associated with differential overdrive in nip 
15, thereby producing a speed ratio between rollers 11 
and 21 which has a much reduced or a negligible vari- 
5 ation over short periods of time, e.g., on a time scale of 
revolution of one of the rollers. A frequency of the re- 
quired AC voltage signal is typically of the order of less 
than about 1 00 Hz, and the piezoelectric actuators are 
provided with a correspondingly suitable frequency of 
10 response as may be necessary. It may be useful to em- 
ploy an auxiliary device such as for example a piezoe- 
lectric sensor or a transducer to sense mechanical dis- 
placements or pressure changes associated with differ- 
ential overdrive caused by runout. Fluctuating displace- 
15 ments or pressure changes in nip 15 are converted by 
the auxiliary device to a time varying voltage signal 
which is sent to the LCU and thereby used, in feedback 
mode, to actuate nulling or damping response move- 
ments to be applied to lever arms 24 by the piezoelectric 
20 activators so as to smooth out speed ratio fluctuations 
associated with the runout. The auxiliary sensor may be 
conveniently located, for example, between one of the 
bearings 23 and a corresponding lever arm 24, i.e., 
sandwiched between them such that a sensing area of 
25 the piezoelectric sensor abuts the bearing, the sensor 
securely attached to both bearing 23 and the lever arm 
24 (piezoelectric sensor not illustrated). 
[0038] FIG. 3b illustrates another embodiment of the 
invention, indicated as 30, for transferring a toner image 
30 in an electrostatographic machine. Apparatus 30 in- 
cludes a primary image forming member (PIFM) roller 
31 forming a first transfer nip 35a with a conformable 
intermediate transfer roller (ITR) 41, and a transfer 
backup roller 46 forming a second transfer nip 35b with 
35 ITR 41 . Typically, rollers 31 and 46 are relatively non- 
conformable or hard. However, in some applications 
one or both of rollers 31 and 46 may have conformability. 
PIFM 31 is shown rotating in a direction A 3 and is pro- 
vided with a coaxial shaft 32 projecting from each end 
40 of roller 31 . Shaft 32 is supported at each end by bear- 
ings 33 secured to frame portions 34 of the electrosta- 
tographic machine. Roller 41 is shown rotating in a di- 
rection A4 on a coaxial shaft 42 projecting from each 
end of roller 41 , shaft 42 being parallel to shaft 32 and 
45 supported by bearings 43. One of the rollers 31 and 41 
is frictionally driven by the other in a nonslip condition 
of engagement in the first transfer nip 35a. Roller 46 is 
shown rotating in a direction A 5 on a coaxial shaft 47 
projecting from each end of roller 46, shaft 47 being par- 
50 allel to shaft 42. Shaft 47 is supported at each end by 
bearings 49 secured to frame portions 48 of the elec- 
trostatographic machine. One of the rollers 41 and 46 is 
frictionally driven by the other in a nonslip condition of 
engagement in the second transfer nip 35b. The drive 
55 for the system of rollers including rollers 31 , 41 and 46 
may be provided by a f ricttonal contact with an external 
member (not shown), or as an alternative, one of rollers 
31 , 41 and 46 may be drivingly rotated by a motor con- 
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nected, e.g., by a gearing connection, to one of shafts 
32,42 and 47 (motor and gearing connection not 
shown ). Shafts 32, 42 and 47 are shown as cqpjanar in 
FIG. 3b. Alternatively, shafts 32 and 42 may lie in one 
plane and shafts 42 and 47 in another (not illustrated). 
A toner image formed on PIFM 31 is transferred via nip 
35a to ITR 41 and subsequently transferred to a receiver 
sheet in nip 35b. The receiver sheet may be adhered to 
roller 46 or alternatively the receiver sheet is fed through 
the nip 35b by a suitable feeding mechanism as is well 
known. A first voltage from a first power supply is applied 
to ITR 41 to urge electrostatic transfer of a toner image 
in nip 35a and a second voltage from a second power 
supply is applied to roller 46 to urge electrostatic transfer 
of a toner image in nip 35b. PIFM 31 is photoconductive. 
Alternatively, PIFM is an electrdgraphic roller. Various 
stations (not shown) but similar to that described below 
for the embodiment of FIG. 8 are positioned about pho- 
toconductive PIFM 31 as is well known to form an elec- 
trostatic image and develop the image with dry pigment- 
ed insulative toner particles. The toner is typically pig- 
mented, e.g., cyan, magenta, yellow or black, orthe ton- 
er may have other pigments or colorants or physical 
characteristics, i.e., the toner may be unpigmented or 
can include magnetic toner particles. The photoconduc- 
tive roller 31 is typically composed of a metallic cylindri- 
cal core on which is formed a thin photoconductive 
structure. The photoconductive structure may be com- 
posed of one or plural layers as is well known and may 
be covered by a thin insulating layer (individual layers 
of PIFM 31 not shown). The photoconductive structure 
may be included in a replaceable removable seamless 
tubular sleeve (not shown) surrounding the core mem- 
ber, in the manner as disclosed in applicant's copending 
European Patent Application 01122588.5 of September 
26,2001. 

[0039] The intermediate transfer roller (ITR) 41 has a 
metallic core, either solid or as a shell. On the core is 
coated or formed thereon a preferably relatively compli- 
ant and elastomeric layer whose thickness is between 
0.2 mm and 20 mm and the layer preferably has a 
Young's modulus between 0.5 MPa and 100 MPa and 
more preferably a Young's modulus between 1 MPa and 
50 MPa and an electrical bulk or volume resistivity be- 
tween 1 0 6 and 1 0 1 2 ohm-cm, preferably 1 0 7 to 1 0 9 ohm- 
cm. Alternatively, the compliant layer may be included 
in a replaceable removable seamless tubular sleeve on 
the core member, in the manner as disclosed in appli- 
cant's copending European Patent Application 
01 1 2261 3.1 . The compliant elastomeric layer preferably 
has a relatively hard surface or covering layer(s) to pro- 
vide functionality as described in Rimai, et al., U.S. Pat- 
ent No. 5,666,193 and in Tombs et al., U.S. Patent No. 
5,689,787 and Vreeland et al., U.S. Patent No. 
5,71 4,288. The hard covering layer is relatively thin (0.1 
micrometer to 20 micrometers in thickness) and has a 
Young's modulus greater than 50 MPa and preferably 
greater than 100 MPa. Young's modulus is determined 



on a macroscopic size sample of the same material us- 
ing standard techniques, such as by measuring the 
strain of the sam ple under an applied stress using a 
commercial device such as an Instron Tensile tester and 

5 extrapolating the slope of the curve back to zero applied 
stress. The material covering the core of ITR 41, i.e., 
including the compliant elastomeric layer and the pre- 
ferred hard outer coating covering the compliant layer 
as a composite member, is preferably for all practical 

10 purposes incompressible and preferably has a Poisson 
ratio of between or in the range of approximately 0.45 
to 0.50. The Poisson ratio of this composite material 
may be determined by applying a load to the material 
and measuring the deflection of the material in a direc- 
ts tion perpendicular to the direction of the applied load 
and dividing this deflection amount by the deflection in 
the direction of the load. Since the latter measurement 
is a negative value a negative of the obtained resulting 
division result is taken. In determining Poisson ratio of 

20 the compliant roller it will be understood that it is that of 
the composite material forming the roller from and in- 
cluding the outer layer radially inward through the com- 
pliant layer and up to but not including a non-elastomeric 
element such as the core or other non-elastomeric ele- 

25 ment. A non-elastomeric element is defined as a mem- 
ber having a Young's modulus greater than 100 MPa. 
[0040] There will generally be peripheral speed mis- 
matches caused by overdrive and underdrive in the two 
transfer nips, and the length of a toner image formed on 

30 PIFM 31 will generally not be the same as the length of 
the same toner image after the second transfer of the 
toner image to the receiver in nip 35b. Typically, rollers 
31 and 46 are relatively nonconformable and the con- 
formable ITR 41 is preferably made from a relatively in- 

35 compressible elastomeric compliant material. As a re- 
sult, an overdrive or an underdrive produced in nip 35a 
tends to be canceled by an opposite effect in nip 35b, i. 
e., by a corresponding underdrive or overdrive, and in 
this particular case the net overdrive or underdrive pro- 

40 duced by the two nips 35 a,b will therefore be small. An 
engagement adjustment device (EAD) is provided for 
controlling the net amount of overdrive or underdrive in 
the system of rollers 31 , 41 and 46, e.g., by controlling 
the output speed ratio to a preferably predetermined val- 

45 ue. Preferably, the net overdrive as measured between 
rollers 31 and 46 is controlled to be zero. A preferred 
EAD is shown in FIG. 3b and includes two lever arms 
44 each supporting a bearing 43 around one projecting 
end of shaft 42 (one lever arm and one bearing are 
50 shown). Lever arms 44 are preferably straight although 
any suitable shape may be employed as is suitable. It 
is preferred that bearings 43 and lever arms 44 are at- 
tached to one another. Lever arms 44 are fixedly se- 
cured to rigid frame portions 45 of the electrostatograph- 
55 ic machine. Engagements in both nips 35a and 35b are 
simultaneously adjusted by cooperatively moving lever 
arms 44 simultaneously up, or simultaneously down, 
while maintaining parallelism between shafts 32 and 42 
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and also between shafts 42 and 47. When lever arms 
44 are moved simultaneously up, the engagement In nip 
35a is increased while the engagement in nip 35b is.de- 
creased. Conversely, when lever arms 44 are moved si- 
multaneously down, the engagement in nip 35a is de- 
creased while the engagement in nip 35b is increased. 
A prime mover (PM) Is provided to move lever arms 44, 
the prime mover 38 being applied preferably near to the 
free ends of the lever arms for maximum mechanical 
advantage, as indicated by the double-ended arrow la- 
beled S. The prime mover (not illustrated in detail) may 
for example include a piezoelectric actuator, a screw 
moving for example through a fixed plate, a cam mount- 
ed on an axle parallel to shafts 32 and 42, or any other 
suitable device for controlling the position of the lever 
arms. Movements of a prime mover may be accom- 
plished by appropriate mechanical coupling to a suitable 
drive mechanism, either via a manually activated drive 
or via a motor drive or by electrical signals, e.g., to a 
piezoelectric actuator. The lever arms 44 are preferably 
rigid and are moved independently by a separate prime 
mover acting on each lever arm, in which case the lever 
arms may also serve for aiding provision of parallelism 
between shafts 32, 42 and 47. Alternatively, the lever 
arms 44 may be yoked together and acted upon by one 
prime mover. The frame portions 45 to which lever arms 
44 are secured are preferably very strong such that neg- 
ligible strain is produced in the frame portions or in the 
junctions between the lever arms and the frame portions 
when the lever arms are moved by the prime mover. 
Similarly, frame portions supporting bearings 33 and 49 
are sufficiently strong so that negligible strains are pro- 
duced when lever arms 44 are moved. It will be appre- 
ciated that very small changes of engagement may be 
achieved for relatively small motions provided by the 
prime mover(s), as discussed above for embodiment 
1 0. Because a motion of lever arms 44 affects both nips 
35 a,b simultaneously, the EAD of apparatus 30 can be 
more sensitive than that of apparatus 1 0, and even very 
small motions as indicated by the double ended arrow 
S can produce significant changes to the net overdrive 
or underdrive caused by the tandem actions of both 
nips. Thus, use for example of piezoelectric actuators 
as prime movers can provide precise and repeatable 
displacements for actuating lever arms 44. As an alter- 
native, a differential screw mechanism may for example 
be used to provide accurate, repeatable precision ad- 
justments of the engagements. As another alternative, 
a cam having for example a slightly ellipsoidal shape, i. 
e., of low eccentricity, may be used to provide the mo- 
tions indicated by the double ended arrow S. Although 
levers 44 may be included in an engagement adjust- 
ment device such as shown In FIG. 3b for simultaneous- 
ly adjusting engagements between a conformable roller 
and other rollers, the invention includes any suitable oth- 
er alternative engagement adjustment device for con- 
trollably adjusting these engagements. 
[0041] In order to better appreciate the dual action by 



lever arm 44 for simultaneously adjusting the engage- 
ments in nips 35a and 35b, reference is made to FIGS. 
_.3c, 3d and 3e, in which peripheral speeds v 1 , v 2 and v 3 
far away from both nips are indicated for rollers 46, 41 
s and 31 , respectively. Peripheral speed ratios R2 and 
may be defined as R t = V3A/2 and R 2 = v 2 /v 1 . The net or 
overall speed ratio of roller 31 referred to roller 46 is giv- 
en by the product R«, R 2 = v^ . For illustrative purposes 
only, rollers 31 and 46 are taken to be relatively hard 
10 rollers while roller 41 is taken to be a compliant elasto- 
meric roller, i.e., incompressible for all practical purpos- 
es, and in FIG. 3c the peripheral speed ratios as func- 
tions of engagement are indicated for an idealized con- 
dition of zero drag (see also FIG. 7). Specifically, R t is 
15 represented for simplicity as a linear function of engage- 
ment having for purpose of illustration the form R 1 = 
1+5E, where E is the engagement measured in inches. 
The speed ratio R 1 increases with increasing engage- 
ment, reflecting an overdrive of roller 31 by roller 41 . 
20 Similarly, R 2 Is described for purposes of illustration by 
a similar functional relation having for purpose of illus- 
tration a slightly smaller sensitivity to engagement, i.e., 
R 2 = (1+4E)- 1 , where R 2 decreases with increasing en- 
gagement reflecting an underdrive of roller 41 by roller 
25 46. Generally, before engagements are adjusted by a 
motion of lever arm 44 along the arc S, there are initial 
values of engagement, say E 1 in nip 35a, and E 2 in nip 
35b. When lever arm 44 is moved, with shafts 32, 42 
and 47 being coplanar as depicted in FIG. 3b, the en- 
30 gagement in nip 35a is changed by an amount A to 
(E^A), and the engagement in nip 35b is therefore 
changed to (E 2 -A). In Case 1 , as shown in FIG. 3c, E 1 
has for purpose of illustration been chosen to be 
0.003000", and E 2 chosen to be 0.006000". In FIG. 3e, 
35 the lower dotted line is the value of the product R-iR 2 
calculated as a function of A for Case 1, and the value 
of R 1 R 2 is 1 .0000 for a value of A = 0.001 000". AS indi- 
cated for Case 1 by the arrows in FIG. 3c, overdrive is 
eliminated if the engagement in nip 35a is increased 
40 from 0.003000" to 0.004000" and the engagement in nip 
35b is simultaneously decreased from 0.006000" to 
0.005000". In Case 2, shown in FIG. 3d, E n Is 0.007000" 
and E 2 is 0.006000". The upper solid line of FIG. 3e 
shows RiR 2 calculated as a function of A for Case 2, 
45 and on this line the value of RjR 2 is equal to 1 .0000 for 
A= -0.001 223". Thus, as shown for Case 2 by the arrows 
in FIG. 3d, overdrive is eliminated if the engagement in 
nip 35a is decreased from 0.007000" to 0.005777" and 
the engagement in nip 35b is simultaneously increased 
so from 0.006000" to 0.007223". Cases 1 and 2 illustrate 
the fact that a net speed ratio R-, R 2 equal to 1 .0000 may 
be achieved by moving shaft 42 up or down, typically by 
a distance of the order of about 0.001", depending on 
the initial engagements present in nips 35a and 35b im- 
55 mediately prior to such a moving of shaft 42. 

[0042] In the embodiment of apparatus 30, lever arms 
44 are used for moving roller 41 relative to the fixed axes 
of rollers 31 and 46 as shown in FIG. 3b. In an alternative 
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embodiment (not illustrated) the axis of roller 41 is in- 
stead the fixed axis, i.e., with bearing 43 fixedly secured 
to a frame portion and each of the separations between 
shafts 32 and 42 and shafts 42 and 47 being adjustable, 
separately or jointly, by an engagement adjustment de- 
vice (EAD). In this alternative embodiment, lever arms 
44 are not used, and an EAD includes appropriate prime 
movers for moving the respective shafts of one or both 
rollers 31 and 46 in order to alter the engagements in 
nips 35a and 35b. Preferably, both of the separations 
between shafts 32 and 42 and shafts 42 and 47 are si- 
multaneously adjusted. Movements of a prime mover 
may be accomplished by appropriate mechanical cou- 
pling to a suitable drive mechanism, either via a manu- 
ally activated drive or via a motor drive. It is further pre- 
ferred that when an engagement in nip 35a is increased, 
the engagement in nip 35b is decreased, or vice versa. 
A preferred EAD of the alternative embodiment includes 
two sets of rigid lever arms and corresponding prime 
movers for moving both of shafts 32 and 47 in a parallel 
fashion entirely similar to that described above for ap- 
paratus 30. 

[0043] A logic and control unit (LCU) may be em- 
ployed to control the motion of the prime mover(s) of an 
engagement adjustment device (EAD) used to control 
the engagements in nips 35a and 35b. For example, the 
LCU sends signals to prime mover(s) to actuate lever 
arms 44, e.g., through a feedback loop using for exam- 
ple sensors 36 and 37 to sense the movement of fiducial 
marks placed for example on the outer surfaces of roll- 
ers 31 and 46, respectively. The sensors send signals 
to the LCU and from the LCU other signals are sent to 
actuate the prime mover(s) and ultimately the lever arms 
44. The fiducial marks are preferably in the form of iden- 
tically spaced parallel fine lines or bars. These lines or 
bars are preferably perpendicular to the directions of ro- 
tation of the rollers, and preferably have a predeter- 
mined center-to center distance which is known precise- 
ly. The fiducial marks may be included as permanent 
markings of, or in, the outer layer of rollers 31 and 46 
and may be placed for example near one edge of each 
of the rollers, i.e., outside of the toner image area. Al- 
ternatively, fiducial marks such as in the form of fine 
markings or rulings may be provided on wheels secured 
coaxially to shafts 32 and 47. It will be evident that the 
movement of the fine markings or rulings past the sen- 
sor may be interpreted by the LCU as an angular veloc- 
ity, whereupon if the outer radii of rollers 31 and 46 are 
known with precision, the surface speeds of each roller 
may be calculated as the product of its radius multiplied 
by its measured angular velocity. As a result of control- 
ling overdrive (or underdrive) to an operational or a pre- 
determined level using the EAD, a toner image which is 
transferred, e.g., to a receiver in nip 35b from a conform- 
able intermediate transfer roller 41 has a predictable dis- 
tortion which may be eliminated or compensated for 
when creating the toner image on primary image roller 
31, e.g., by a programmable digital laser image writer 



as is well known. Preferably, any net overdrive or under- 
drive between rollers 31 and 46 Is eliminated by the 
EAD, thereby producing an undistorted toner image on 
the receiver and requiring no extra programming of the 

5 image writer. 

[0044] The fiducial marks on the surface of roller 31 
may be provided in the form of a toner test image, such 
as for example an electrophotographically created set 
of parallel equi-spaced toned bars or lines formed per- 

10 pendicular to the direction of rotation of roller 31 . These 
toned bars or lines on the surface of roller 31 are sensed 
by a sensor 36 and corresponding signals are sent from 
sensor 36 to the LCU, the number of bars or lines pass- 
ing the sensor in unit time being equal to a frequency g 

15 which is stored in the LCU. The toner bar test image is 
transferred to intermediate transfer roller 41 via nip 35a 
and then a receiver (not shown) passing through nip 
35b, and the receiver may be a test sheet used specif- 
ically for correcting for overdrive or underdrive. The test 

20 sheet may be adhered to roller 46 and sensor 37 used 
to measure a frequency, say g', of passage of the toned 
bars or lines on the receiver past the sensor, and this 
frequency is sent to the LCU. Generally, as a result of 
overdrive or underdrive in nip 35b, g and g* will not be 

25 the same. An adjustment of the engagements in both 
nips 35a and 35b is provided via lever arms 44 such that 
a difference between the frequencies g and g' is equal 
to an operational or a predetermined value stored in the 
LCU. This operational or predetermined value corre- 
al sponds to an operational or predetermined speed ratio 
of the peripheral speeds of rollers 31 and 46 far from 
nips 35a and 35b, respectively. Preferably, the opera- 
tional or predetermined difference (g - g') equals zero, 
and the corresponding operational or predetermined 

35 speed ratio is 1 .000. Alternatively, the test sheet may 
not be adhered to roller 46 after passage through the 
nip 35b, and a sensor (not shown) is used to measure 
a spatial frequency g" on a portion of the surface of the 
test sheet receiver carrying a transferred toner bar test 

40 imageafterthatportionhaspassedthroughnip35b,and 
a difference (g - g") made equal to an operational or a 
predetermined value by the EAD. Preferably, the oper- 
ational or predetermined difference (g - g") equals zero, 
and the corresponding operational or predetermined 

45 speed ratio is 1 .000. 

[0045] Preferably, the prime mover 38 is a piezoelec- 
tric actuator applied to each of lever arms 44, each pie- 
zoelectric actuator supported or attached to a rigid 
frame portion of the electrostatographic machine, with 

50 actuation provided by a voltage to the actuator from a 
programmable power supply as controlled by the LCU 
(support for piezoelectric actuator not illustrated). In or- 
der to compensate in real time for differential overdrive 
associated for example with slightly out-of-round preci- 

55 sion rollers 31 , 41 and 46 for which the runout is for ex- 
ample typically of the order of 0.001 inch or less, an AC 
voltage signal may be applied to the piezoelectric actu- 
ators in order to dampen or null out fluctuations of en- 
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gagement, i.e., fluctuations from a nominal or mean val- 
ue of engagement associated with nips 35a and 35b, 
thereby producing a net speed ratio between roll ers 31 
and 46 which has a much reduced or a negligible vari- 
ation over short periods of time, e.g., on a time scale of 
revolution of one of the rollers. A frequency response 
for the required AC voltage signal is typically of the order 
of less than about 1 00 Hz, although any suitable fre- 
quency response may be used as necessary. It may be 
useful to employ an auxiliary device such as for example 
a piezoelectric sensor or a transducer to sense mechan- 
ical displacements or pressure changes associated with 
differential overdrive caused by runout. Fluctuating dis- 
placements or pressure changes in nips 35a and 35b 
are converted by the auxiliary device to a time varying 
voltage signal which is sent to the LCU and thereby 
used, in feedback mode, to actuate nulling or damping 
response movements to be applied to lever arms 44 by 
the piezoelectric activators so as to smooth out speed 
ratio fluctuations associated with the runout. The auxil- 
iary sensor may be conveniently located, for example, 
between one of the bearings 41 and a corresponding 
lever arm 44, i.e., sandwiched between them such that 
a sensing area of the piezoelectric sensor abuts the 
bearing, the sensor securely attached to both bearing 
41 and the lever arm 44 (piezoelectric sensor not illus- 
trated). 

[0046] in a color electrostatographic machine that in- 
cludes a plurality of individual color stations similar to 
embodiment 30, each station may be used to make a 
similar set of short bars or lines, e.g., on a test receiver, 
with each set being preferably displaced, e.g., in a di- 
rection parallel to the axis of shaft 32, so that no set over- 
laps another, and a similar frequency measuring proce- 
dure is used in each station. After passage through a 
first secondary transfer nip, e.g., nip 35b, the test receiv- 
er is transported by known means, e.g., rollers or other 
means, through similar secondary nips in each of the 
plurality of stations. 

[0047] Alternatively, a toner test image formed on roll- 
er 31 and transferred to a test receiver may include a 
registration test pattern, e.g., a well known rosette pat- 
tern of dots similar to that typically used in color printing 
applications. In a color machine that includes a plurality 
of individual color stations similar to embodiment 30, a 
separate registration test pattern from each station is 
transferred to form a composite toner image on the test 
receiver sheet as it passes sequentially through the sta- 
tions. The composite image on the test sheet is exam- 
ined for registration, e.g., by using a loupe. If registration 
of one or more of the color images with the remaining 
color images is not satisfactory, then an engagement 
adjustment device (EAD) is used to adjust the engage- 
ment, e.g., manually in the corresponding color stations. 
A second set of test images is similarly formed and 
transferred to another test sheet and further adjust- 
ments to engagements made by corresponding EADs. 
This procedure is repeated with subsequent test sheets 



until the registration is satisfactory. 
[0048] When all stations have adjusted the respective 
engagements by suitable EADs applied separately in 
each station so that the speed ratios are the same in all 

5 stations and preferably equal to 1 .000 in all stations, it 
will be evident that a full color image made immediately 
subsequent to the test sheet passing through the ma- 
chine will be in good registration. A test sheet may be 
utilized at any convenient time, e.g., between runs. 

f o Thereby, changes in dimensions of rollers or other mem- 
bers due to wear, aging, temperature changes and so 
forth may be compensated for in a simple way without 
the need for complicated adjustments to the individual 
image writers. 

is [0049] FIGS. 4a and 4b show side and front views of 
a third embodiment of the invention including an en- 
gagement adjustment device, wherein an image trans- 
fer assembly 50 includes a conformable primary image 
forming member roller (PIFM) 51 engaged in a nonslip 
2Q condition of engagement with a transport web 53 in a 
pressure nip 55. (In lieu of a roller, a web type conform- 
able primary imaging member may be used with a back- 
up roller). The transport web 53 is contained in pressure 
nip 55 by a backup roller 52, the web friction ally driving 

25 both the PIFM 51 and the backup roller. Transport web 
53 moves a receiver 54 through nip 55 where a toner 
image is transferred from PIFM 51 to the receiver, Ro- 
tatable web 53 is in the form of an endless loop ten- 
sioned around at least one and preferably two or more 

30 supporting rollers (not shown), one of which supporting 
rollers is a driving roller rotated by a motor (not shown). 
An electrical bias to the backup roller 52 is preferably 
used to assist transfer. Web 53 is preferably insulating. 
During transport the receiver 54 is adhered to the web 

35 53, e.g., held electrostatically or by g rippers, and fric- 
tional nonslip drive is maintained by the web whether or 
not the receiver is in nip 55. The conformable PIFM 51 
is an electrophotographic photoconductive roller. Alter- 
natively, PIFM 51 may be an elect rographic conforma- 

40 ble roller, e.g., as disclosed in U.S. Patent No. 
5,732,311. Photoconductive roller 51 is preferably a 
compliant elastomeric roller in which the elastomeric 
material is for all practical purposes Incompressible 
such as described in U.S. Patent No. 5,828,931 . Alter- 

45 natively, in some applications roller 51 may include a 
compressible resilient foam layer. Various stations (not 
shown) but similar to that described below for the em- 
bodiment of FIG. 8 are positioned about the photocon- 
ductive roller 51 as is well known to form an electrostatic 

50 image, develop the image with dry pigmented insulative 
toner particles and transfer the toner image in the nip 
55 to the receiver 54. The toner is typically pigmented, 
e.g., cyan, magenta, yellow or black, or the toner may 
have other pigments or physical characteristics, i.e., the 

55 toner may be unpigmented or can include magnetic ton- 
er particles. The photoconductive roller 51 may be com- 
posed of a metallic cylindrical core on which is formed 
for example a compliant blanket layer, a flexible thin con- 
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ductive electrode layer which is preferably grounded 
and coated on the blanket layer, and a thin photocon- 
ductiv e stru cture c oated on the electrode layer. The pho-_ 
toconductive structure may be composed of one or plu- 
ral layers as is well known and may be covered by a thin 
insulating layer (individual layers of PIFM 51 not shown). 
The photoconductive structure may be included in a re- 
placeable removable seamless tubular sleeve (not 
shown) surrounding the core member. 
[0050] Conformable roller 51 rotates in a direction of 
arrow A 6 on a coaxial shaft 56a projecting from each 
end of roller 51 , shaft 56a being supported at each end 
by bearings 57a secured to frame portions 58a of the 
electrostatographic machine (see FIG. 4b). Roller 52 ro- 
tates in a direction of arrow Aq on a coaxial shaft 56b 
projecting from each end of roller 52, shaft 56b being 
parallel to shaft 56a and supported by bearings 57b. 
Transport web 53 is shown moving at a speed v 4 in the 
direction of arrow A 7 . Peripheral speeds of rollers 51 and 

52 far away from nip 55 (where the rollers are undistort- 
ed) are respectively v 5 and v 6 . Generally, the frictiona! 
drive in nip 55 produces an underdrive or an overdrive 
of roller 51 . Thus if conformal roller 51 is for all practical 
purposes incompressible, roller 51 will be underdriven 
by web 53. Or, if conformal roller includes a compress- 
ible foam layer, roller 51 may be subject to an overdrive. 
Similarly, roller 52 may be subject to an overdrive or an 
underdrive by web 53, depending on the mechanical 
properties of the roller and the web. Typically, the web 

53 is made of a high modulus, flexible, material. Be- 
cause no direct mechanical driving connection is pro- 
vided between rollers 51 and 52, the rotary motion of 
roller 52 has no effect on that of roller 51 . Therefore, a 
speed ratio R 3 = v^g is determined entirely by any in- 
dependent overdrives or underdrives produced by non- 
slip frictional contact with the upper and lower sides of 
web 53. It will be evident that a speed ratio R 4 = V5A/4 
given by the peripheral speed of imaging roller 51 divid- 
ed by the speed of web 53 is critical in determining the 
length of a toner image after transfer of the toner image 
to receiver 54, and that this length may differ from the 
length of the toner image when formed on imaging roller 
51. 

[0051] An engagement adjustment device (EAD) in- 
cluding a prime mover is provided for controlling the 
amount of overdrive, e.g., by controlling the speed ratio 
R 4 to a preferably predetermined value. Alternatively, an 
EAD may be used to control the speed ratio R 3 and 
thereby indirectly control R 4 . Movements of a prime 
mover may be accomplished by appropriate mechanical 
coupling to a suitable drive mechanism, either via a 
manually activated drive or via a motor drive. A preferred 
EAD includes two parallel lever arms 59d, each lever 
arm supporting a bearing 57b as shown in FIG. 4b. Le- 
ver arms 59d are preferably straight although any suit- 
able shape may be employed as is suitable. Lever arms 
59d are fixedly secured to a rigid frame portion or por- 
tions 58b of the electrostatographic machine. It is pre- 



ferred that bearings 57b and lever arms 59d are at- 
tached to one another. An engagement in the nip 55 is 
adjusted by cooperatively moving lever arms 59d simul- 
taneously up, or simultaneously down, while maintain- 
5 ing parallelism between shafts 56a and 56b (thereby re- 
spectively increasing, or reducing, engagement). A 
prime mover is provided to move lever arms 59d, acting 
preferably near to the free ends of the lever arms for 
maximum mechanical advantage as indicated by the 
f 0 double-ended arrow labeled T. The prime mover may be 
any suitable device for controlling the position of the le- 
ver arms 59d. A preferred EAD includes screws 59b 
moving through a fixed plate 59a, the fixed plate prefer- 
ably being a rigid frame member of the electrostato- 
*5 graphic machine. The screws 59b are preferably differ- 
ential screws as are well known in the art (simple screws 
are shown for illustration purposes in FIG. 4 a,b). The 
screws 59b may be adjusted manually to alter the en- 
gagement in nip 55. Preferably, the screws 59b are ter- 
20 minated by gears 59c, and a driving gearing connection 
is provided to each of gears 59c. The driving gearing 
connection may be manually operated or it may include 
a reversible motor to provide a preferably independent 
reversible drive to each of the gears, i.e., a clockwise or 
25 anti-clockwise rotation . Preferably, for maximum control 
of the lever arms 59d when moved along the arc T, a 
single rotation of a gear (not shown) meshing with and 
rotating each of gears 59c produces a fraction of one 
rotation of each of gears 59c. The lever arms 59d are 
30 preferably rigid and are preferably moved independently 
by separate screws 59b acting on each lever arm as 
shown in FIG. 4b, in which case the lever arms may also 
serve for adjusting parallelism between shafts 56a and 
56b. As an alternative to a common plate 59a, each 
35 screw 59b may pass through a separate fixed plate (not 
illustrated). The lever arms 59d may be yoked together 
and acted upon by one screw, the screw acting for ex- 
ample on the yoke (not illustrated). The frame portion(s) 
58b to which lever arms 59d are secured are preferably 
40 very strong such that negligible strain is produced in the 
frame portions or in the junctions between the lever 
arms, and the frame portions when the lever arms are 
moved by the screws 59b. Similarly, the frame portion 
(s) 58a supporting bearings 57a are negligibly strained 
45 when lever arms 59d are moved. 

[0052] Although levers 59d may be included in a pre- 
ferred engagement adjustment device such as shown 
in FIG. 4a, the Invention includes any suitable other al- 
ternative engagement adjustment device for controlla- 
50 bly adjusting the engagement. As a mechanically equiv- 
alent alternative to using lever arms 59d for moving roll- 
er 52 against the fixed axis roller 51 , the axis of roller 52 
may instead be the fixed axis and lever arms similarly 
used to move conformable roller 51 to alter the engage- 
rs ment (not illustrated). 

[0053] A logic and control unit LCU provides control 
of the elements used to create the images on the pho- 
toconductor roller 51 and preferably also provides con- 
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trol over the drive imparted to the driving web 53. A feed- 
back loop using for example sensors 60 and 61 to sense 
the movement of indicia or fiducial marks placed on the 
surfaces of rollers 61 and 52 may be used in conjunction 
with the LCU to control the prime mover for adjusting 
the engagement in nip 55, in a manner entirely similar 
to that described above for embodiment 10 of FIG. 3a. 
The engagement is adjusted to make the speed ratio Vg/ 
v 6 equal to a predetermined value. As described previ- 
ously above, a resulting controlled overdrive or under- 
drive may be compensated by sending a signal from the 
LCU to an image writer used for writing an electrostatic 
latent image on roller 51 , so that the electrostatic latent 
image may be expanded or compressed as is suitable 
to provide toner images which are undistorted after 
transfer to receiver 54. Alternatively, indicia or fiducial 
marks such as in the form of fine lines or rulings may be 
provided on wheels secured coaxially to shafts 56a and 
56b, and sensed by sensors 60 and 61 , as described 
above for embodiment 1 0 of FIG . 3a. Preferably, a feed- 
back loop using sensors 60 and 62 is used, sensor 60 
sensing a speed v 5 of indicia or fiducial marks located 
in or on the surface of roller 51 , and sensor 62 being 
placed to sense a speed v 4 of indicia or fiducial marks 
located in or on the surface of web 53. Alternatively, in- 
dicia or fiducial marks may be located on receiver sheet 
54. For example, receiver 54 may be a test sheet, to 
which a toner test image created on roller 51 is trans- 
ferred in nip 55, as described above for embodiment 1 0 
of FIG. 3a. The engagement in nip 55 is adjusted via 
screws 59c to make the speed ratio v^v 4 equal to a pre- 
determined value. Inasmuch as embodiment 50 in- 
cludes only two rollers, it is generally not possible using 
an EAD to eliminate overdrive (or underdrive) unless 
substantial drag forces or torques are present, such 
drag forces or torques being inherent to the system or 
applied by external mechanical device. 
[0054] As an alternative to forming a toner image test 
pattern on roller 51 and transferring it to receiver 54, a 
test pattern including a set of lines or bars perpendicular 
to the direction of motion of the web 53 and made from 
a transferable material such as for example an ink may 
be formed on the upper (outer) surface of the web by 
known mechanisms, e.g., by an ink jet device, and trans- 
ferred to roller 51 in nip 55. In a manner entirely similar 
to that described above, as the test bar pattern passes 
a sensor 63 a first frequency may be measured by the 
LCU of the passage of the bars and compared with a 
second frequency measured via sensor 60, and an en- 
gagement adjustment device actuated to adjust the en- 
gagement in nip 55 to provide a predetermined differ- 
ence between the first and second frequencies. 
[0055] The web 53 moving in a direction of arrow A 7 
through nip 55 can carry the receiver sheet 54 through 
one or more other imaging stations (not shown) similar 
to station 50 in a multistation color imaging apparatus, 
each of which other stations similarly includes a con- 
formable photoconductive roller, a backup transfer roller 



producing a pressure nip through which web 53 is driv- 
en, and an engagement adjustment device (EAD) for 
controlling the engagement of each photoconductive 
roller with web 53 via signals to the EAD from the LCU. 

s A toner image of a first color is transferred to receiver 
54 in station 50, a second color is transferred in registry 
in the next station, and so forth, thereby producing a full 
color toner image on receiver 54. For example, the 
colors in order from right to left may be black, cyan, ma- 

10 genta and yellow to form a 4-color image. After passing 
through all of the imaging stations, the receiver is de- 
tached from web 53 by known means and transported 
to a fusing station (not shown). 

[0056] In the multistation apparatus, the speed ratios 
15 between of all the individual photoconductor rollers and 
the web 53 are.controlled to be the same, i.e., the pe- 
ripheral speeds are made to differ from the speed of the 
web by a predetermined amount. Each of the single 
color toner images which form the full color image has 
20 an equal amount of distortion, thereby producing an im- 
age having an improved registration. As is known, when 
a digital device such as a writer including for example a 
scanning laser beam is used to form an electrostatic la- 
tent image on the surface of the photoconductive roller 
25 51 1 the writer may be programmed to compensate for a 
toner image distortion caused by an overdrive or under- 
drive in nip 55. Thus, because each of the single color 
toner images which form the full color image has an 
equal amount of distortion, as provided by this invention, 
30 the compensation provided for the writer is the same for 
each station. This improves greatly over an apparatus 
where engagement adjustment devices are not used, in 
which an optimized registration would require the exact 
amount of overd rive-induced or underdrive- induced dis- 
35 tortion produced by each station to be separately com- 
pensated for, which is comparatively difficult. Thus, in a 
machine that includes a plurality of individual color sta- 
tions, as described above, each station may be used to 
make a similar toner test image on each photoconduc- 
40 tive roller, e.g. , a similar set of toned short bars or lines, 
with each set displaced in a direction parallel to the roller 
shafts so that no set overlaps another. A first frequency 
with which each set of lines passes sensor 60 Is meas- 
ured and stored in the LCU, and compared with a cor- 
45 responding second frequency of lines in the same toner 
image transferred on receiver 54 and passing sensor 
60. An engagement adjustment device, e.g., as shown 
in FIG. 4 a,b is used to make a difference between the 
first and second frequencies equal to a predetermined 
so difference. The same predetermined difference of fre- 
quencies is similarly produced in each of the other sta- 
tions. When ail stations have adjusted the correspond- 
ing peripheral speeds of the respective photoconductor 
rollers by suitable adjustments of engagement applied 
55 separately in each station, it will be evident that a full 
color image made immediately subsequent to the test 
sheet passing through the machine will be in good reg- 
istration. Subsequent to the making of the test image 
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including all the sets of colored lines, a shrinking or 
lengthening of the transferred test images due to an 
overdrive or an underdrive associated with the prede- 
termined frequency difference may be compensated for 
by a programmable image writer, e.g., used with roller 
51 in order to produce an undistorted full color toner im- 
age on the receiver 54. A test sheet may be utilized at 
any convenient time, e.g., between runs. Thereby, 
changes in dimensions of rollers or other members due 
to wear, aging, temperature changes and so forth may 
be compensated for in a simple way without the need 
for complicated adjustments to the individual writers. 
[0057] Alternatively, a toner test image formed on roll- 
er 51 and transferred to a test receiver may include a 
registration test pattern, e.g., a well known rosette pat- 
tern of dots similar to that typically used in color printing 
applications. In a color machine that includes a plurality 
of individual color stations similar to embodiment 50, a 
separate registration test pattern from each station is 
transferred to form a composite toner image on the test 
receiver sheet as it passes sequentially through the sta- 
tions. The composite image on the test sheet is exam- 
ined for registration, e.g., by using a loupe. If registration 
of one or more of the color images with the remaining 
color images is not satisfactory, then an engagement 
adjustment device (EAD) is used to adjust the engage- 
ment, e.g., manually in the corresponding color stations. 
A second set of test images is similarly formed and 
transferred to another test sheet and further adjust- 
ments to engagements made by corresponding EADs. 
This procedure is repeated with subsequent test sheets 
until the registration is satisfactory. 
[0058] FIGS. 5a and 5b show side and front views of 
another embodiment of the invention including an en- 
gagement adjustment device, wherein an image trans- 
fer assembly 50' in an electrostatographic machine in- 
cludes a conformable primary image forming member 
roller (PIFM) 51' engaged in a nonslip condition of en- 
gagement with a transport web 53' in a pressure nip 55\ 
Single primed (') entities are similar in all respects to cor- 
responding unprimed entities of embodiment 50 shown 
in FIGS. 4 a f b. Movements of a prime mover of an en- 
gagement adjustment device may be accomplished by 
appropriate mechanical coupling to a suitable drive 
mechanism, either via a manually activated drive or via 
a motor drive. Embodiments 50 and 50' differ in the 
mechanism provided for moving lever arms 59d\ Thus, 
a member having a noncircular portion including for ex- 
ample an elliptical cam 59e' having a small eccentricity 
is mounted on a rotatable shaft 56c' engaged with lever 
arm 59d\ As shown in FIG. 5b, shaft 56c* preferably sup- 
ports two cams 59e', one outside each end of roller 52', 
the shaft 56c' being supported by bearings 59f . The 
bearings 59f are fixedly secured to rigid frame portions 
58b' of the electrostatographic machine. Shaft 56c' is 
preferably terminated by a gear 59g', and a driving gear- 
ing connection is provided to gear 59g\ The driving 
gearing connection may be manually operated or it may 



include a reversible motor to provide a preferably inde- 
pendent reversible drive to the gear, i.e., a clockwise or 
anti-clockwise rotation. P referably, for maximum control 
of the lever arms 59d' when moved along the arc T, a 

5 single rotation of a gear used to mesh with and rotate 
gear 59g' produces a fraction of one rotation of gear 
59g'. Each of cams 59e' is preferably rotatably adjusta- 
ble from any fixed angular disposition on shaft 56c 1 to 
another fixed disposition (fixing the disposition of a cam 

10 on the shaft is not illustrated, but any suitable mecha- 
nism of unlocking the cam from a first disposition and 
locking the cam in a second disposition may be used). 
Thus, independent rotational adjustments of the respec- 
tive dispositions of each cam 59e* on shaft 56c' can be 

15 used to adjust the parallelism between shafts 56a 1 and 
56b'. These adjustments of the dispositions of the cams 
are preferably done prior to making images and prior to 
using the engagement adjustment device. Alternatively, 
instead of a common shaft 56c' holding both cams 59e', 

20 separate shafts may be used in an alternative embodi- 
ment to embodiment 50' (not illustrated), each shaft be- 
ing mounted in a bearing fixedly secured to a separate 
rigid frame member and each shaft preferably provided 
with a gear 59g' and an independent driving gearing 

25 connection for independent adjustments of engagement 
at each end of roller 52'. In this alternative embodiment, 
the dispositions of each of the cams 59e' can be immov- 
ably fixed on each shaft. As a mechanically equivalent 
alternative to using lever arms 59d' for moving roller 52' 

30 against the fixed axis roller 51 \ the axis of roller 52* may 
instead be the fixed axis and lever arms similarly used 
to move conformable roller 51' to alter the engagement 
(not illustrated). In applications using embodiment 50', 
an overdrive or an underdrive is adjusted to a predeter- 

35 mined value by an engagement adjustment device. 
However, inasmuch as embodiment 50' Includes only 
two rollers, it is generally not possible using an engage- 
ment adjustment device to eliminate overdrive (or un- 
derdrive) unless substantial drag forces or torques are 

40 present, such drag forces or torques being inherent to 
the system or applied by external mechanical mecha- 
nisms. Actuation of an engagement adjustment device 
in embodiment 50' may be accomplished by using fidu- 
cial marks, appropriate sensors such as 60', 61 62' and 

45 63', and prime movers in conjunction with the LCU' as 
described above for embodiment 50. 
[0059] In a multistation color imaging apparatus, the 
web 53' moving in a direction of arrow A 7 ' through nip 
55' can carry the receiver sheet 54' through one or more 

50 other imaging stations similar to station 50* (not shown) 
with respective engagement adjusting devices em- 
ployed as described above for the multistation color im- 
aging apparatus using stations similar to embodiment 
50. 

55 [0060] FIG. 6a shows yet another embodiment of the 
subject invention, i.e., a transfer system, designated as 
100, of an electrostatographic machine. Transfer sys- 
tem 1 00 includes a primary image forming member 11 0, 
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a conformable intermediate transfer member 120, a 
transfer backup roller 1 30 and a moving transport web 
140. Photoconductive imaging roller 110 forms a first 
transfer nip 1 05 in a pressure contact with the interme- 
diate transfer roller (ITR) 120, and backup roller 130 
forms a second transfer nip 1 1 5 with ITR 1 20, the trans- 
port web 140 being captured under pressure between 
rollers 120 and 130. Typically, rollers 110 and 130 are 
relatively nonconform able or hard. However, in some 
applications one or both of rollers 110 and 1 30 may have 
someconformability. Transport web 140, of which a por- 
tion is shown, has the form of a rotating endless loop 
and moves in a direction of arrow A 12 . Web 1 40 is a driv- 
en web supported in tension by at least one and prefer- 
ably two or more supporting rollers (not shown) one of 
which supporting rollers is a driving roller rotated by a 
motor (not shown). PIFM 110 is shown rotating in a di- 
rection Ag and is provided with a coaxial shaft 111 pro- 
jecting from each end of roller 110. Shaft 111 is support- 
ed by bearings 112 secured to frame portions 113 of the 
electrostatographic machine. Roller 120 is shown rotat- 
ing in a direction A 10 on a coaxial shaft 121 projecting 
from each end of roller 120, shaft 121 being parallel to 
shaft 111 and supported by bearings 122. Roller 120 is 
f rictionally driven by the driven web 1 40 in a nonsiip con- 
dition of engagement in transfer nip 115, and roller 110 
is f rictionally driven by roller 120 in a nonsiip condition 
of engagement in transfer nip 105. Roller 130 is shown 
rotating in a direction A 11 on a coaxial shaft 131 project- 
ing from each end of roller 130. Shaft 131 is parallel to 
shaft 121 and supported by bearings 132 secured to 
frame portions 133 of the electrostatographic machine. 
Roller 130 is f rictionally driven by the web 140 in a non- 
slip condition of engagement in the second transfer nip 
115. Shafts 111, 121 and 131 are parallel to one another 
and are coplanar. A toner image formed on imaging roll- 
er 110 is transferred via nip 105 to ITR 120 and subse- 
quently transferred to a receiver sheet 141 in nip 115. A 
first voltage from a first power supply is applied to ITR 
1 20 to urge electrostatic transfer of a toner image in nip 
1 05 and a second voltage from a second power supply 
is applied to roller 1 30 to urge electrostatic transfer of a 
toner image in nip 115. 

[0061 ] Rollers110and120and130 respectively have 
mechanical and electrical characteristics similar to 
those of the photoconductive imaging roller 31 , the in- 
termediate transfer roller 41 , and the backup roller 46 of 
embodiment 30 shown in Fig 3b. Also, web 140 has 
characteristics similar to those of web 53 of embodiment 
50 shown in FIG. 4 a t b. Various stations (not shown) but 
similar to those described for the embodiments of FIG. 
3b and FIG. 8 are positioned about the photoconductive 
roller 110, including charging, exposing, developing, 
and cleaning stations as is well known. Peripheral 
speeds of rollers 110, 120 and 130 far away from nips 
105 and 115 (i.e., where the rollers are undistorted) are 
respectively v e , v 9 , and v 1 0 . Generally, the f rictional drive 
of roller 110 by roller 120 in nip 105 produces an over- 



drive of roller 110 when conformable roller 120 is an 
elastomeric roller which is for all practical purposes in- 
compressible and roller 110 is relatively nonconforma- 
ble, or, an overdrive may occur when roller 120 includes 
s a compressible foam layer. Similarly, conformable roller 
120 may be subject to an underdrive or an overdrive by 
web 140, i.e., roller 120 will be underdriven when the 
roller is for all practical purposes incompressible, or roll- 
er 120 may be overdriven when the roller includes a 
10 compressible layer. Typically, the web 140 moving at a 
speed v 11 is made of a high modulus, flexible, material. 
A nonsiip f rictional drive of roller 1 20 is provided whether 
or not receiver 141 is in nip 115. Because no direct me- 
chanical driving connection is provided between rollers 
15 1 20 and 1 30, the rotary motion of roller 1 20 has no effect 
on that of roller 130. Because roller 110 is typically rel- 
atively nonconformable compared to conformable roller 
120, the effect of an underdrive (overdrive) of roller 120 
by web 140 tends to a great extent to be canceled by 
20 the corresponding overdrive (underdrive) of roller 110 
by roller 120. In FIG. 6a, speed ratios R 4 and R 3 may 
be defined as R 3 = v^Vg and R 4 = Vg/v^. The net or 
overall speed ratio of roller 110 referred to web 140 is 
given by the product R 3 R 4 = Vq/v^. The speed ratio Vq/ 
25 v 11 is critical in determining the length of a toner image 
after transfer of the toner image from roller 120 to re- 
ceiver 141 , and this length may differ from the length of 
the same toner image when formed on imaging roller 
110. Hence, Vg/v^ needs to be precisely controlled. 
30 [0062] An engagement adjustment device (EAD) is 
provided for moving shaft 121 towards shaft 111 in par- 
allel fashion, thereby increasing an engagement in nip 
105 and simultaneously decreasing an engagement in 
nip 115. Alternatively, the EAD can move shaft 121 to- 
35 wards shaft 131 in parallel fashion, thereby increasing 
an engagement in nip 1 15 and simultaneously decreas- 
ing an engagement in nip 105. The direction of move- 
ment of shaft 121 is chosen so that the speed ratio Vq/ 
v 1t is made equal to a predetermined value, this value 
40 preferably being 1 .000 in order to eliminate any net over- 
drive or underdrive between roller 1 1 0 and web 1 40. For 
illustrative purposes only, web 140 and roller 110 are 
taken to be relatively hard while roller 41 is taken to be 
a compliant elastomeric roller, i.e., incompressible for 
45 all practical purposes. In such a case, a peripheral 
speed of imaging roller 110 divided by a speed of web 
140 is usually not very dependent on the detailed me- 
chanical properties of roller 120. Control of the speed 
ratio Vq/v^ by the EAD may be understood by analogy 
so to FIGS. 3c, 3d and 3e, in which peripheral speeds v 1t 
v 2 and v 3 far away from both nips 35a and 35b are indi- 
cated in FIG. 3b for rollers 46, 41 and 31 , respectively. 
In FIG. 6a, the analogous speeds far away from nips 
105 and 115 are v 10 , v 9 , and v 8 , respectively. Thus, in 
55 order to understand the effect of using an EAD to move 
the shaft 121, the speed ratios R 3 and R 4 may be re- 
spectively substituted for the ratios R 1 and R 2 in the pre- 
vious discussion above relating to FIGS. 3c, 3d and 3e. 
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[0063] A preferred EAD includes two lever arms 125 
fixedly secured to a rigid frame portion 123 (only one 
lever arm visible). The lever arms are preferably at- 
tached to bearings 1 22. A prime mover (PM) 1 26 moves 
the free end of each lever arm 125 along the arc U. The 
lever arms 125 have characteristics as described 
above. Prime movers may include screws, cams, gears 
and so forth as previously described for embodiments 
1 0, 30, 50 and 50' above. A prime mover is activated for 
example manually, or alternatively by a motor using for 
example a feedback servo system as described above, 
or by any other suitable driver. Thus, analogously to em- 
bodiment 30 of Fig 3b, sensors 114 and 134 may be 
used to sense fiducial marks on the surfaces of rollers 
110 and 130 and corresponding frequency signals sent 
to the LCU where the two frequencies are compared, 
and a signal sent from the LCU to a prime moverto move 
lever arm 125 such that the speed ratio v 8 /v 11 is prefer- 
ably adjusted to 1.000. Alternatively, sensors 114 and 
116 may be similarly used in conjunction with a toner 
bar test image formed on roller 110, transferred to roller 
1 20 and then transferred to a test receiver in nip 1 1 5, as 
described above. As another alternative, analogous to 
an alternative of embodiment 50 described above, a 
transferable test image, e.g. , a bar image formed on web 
140 and sensed by sensor 117 may be transferred to 
roller 1 20 and thence to roller 110 where it is sensed by 
sensor 114, the signals from both sensors 117 and 114 
being sent to the LCU and an adjustment signal sent 
from the LCU to a prime moverto actuate lever arm 125. 
Alternatively, fiducial marks or fine markings on wheels 
secured coaxially to shafts 111 and 131 may be sensed 
by sensors 114 and 134 in order to measure angular 
velocities of rollers 110 and 130 and convert these an- 
gular velocities to peripheral speeds in the LCU, as also 
described above. 

[0064] In the embodiment of apparatus 100, lever 
arms 125 are used for moving roller 120 relative to the 
fixed axes of rollers 110 and 130 as shown in FIG. 6a. 
In an alternative embodiment (not illustrated) the axis of 
roller 120 is instead the fixed axis, i.e., with bearing 1 22 
preferably attached to a frame portion and one or both 
of the separations between shafts 111 and 121 and 
shafts 121 and 131 being adjustable by an engagement 
adjustment device (EAD). in this alternative embodi- 
ment, lever arms 125 are not used and the respective 
shafts of rollers 1 1 0 and 1 30 are moved by an EAD, sep- 
arately or jointly, in order to alter the engagements in 
nips 105 and 115. Preferably, both of the separations 
between shafts 1 1 1 and 121 and shafts 121 and 131 are 
simultaneously adjusted. Movements of a respective 
prime mover may be accomplished by appropriate me- 
chanical coupling to a suitable drive mechanism, either 
via a manually activated drive or via a motor drive, or by 
any other suitable driver. It is further preferred that when 
an engagement in nip 1 05 is increased, the engagement 
in nip 115 is decreased, or vice versa. A preferred EAD 
of the alternative embodiment includes two sets of rigid 



lever arms and corresponding prime movers for moving 
both of shafts 111 and 131 in a parallel fashion entirely 
similar to that described above for apparatus 30. Al- 
though lever arms as described herein are preferably 
5 included in the embodiment 1 00 of FIG. 6a and in alter- 
native embodiments to embodiment 1 00, the invention 
includes any suitable other engagement adjustment de- 
vice for controllably adjusting the engagements in nips 
105 and 115, either separately or simultaneously. 
10 [0065] Preferably, the prime mover 126 is a piezoe- 
lectric actuator 126 applied to each of lever arms 125, 
each piezoelectric actuator supported or attached to a 
rigid frame portion of the electrostatographic machine, 
with actuation provided by a voltage to the actuator from 
15 a programmable power supply as controlled by the LCU 
(not illustrated). In order to compensate in real time for 
differential overdrive associated for example with slight- 
ly out-of-round precision rollers 110, 120 and 130 for 
which the runout is for example typically of the order of 
20 0.001 inch or less, an AC voltage signal may be applied 
to the piezoelectric actuators in order to dampen or null 
out fluctuations of engagement, i.e., fluctuations from a 
nominal or mean value of engagement associated with 
nips 105 and 115, thereby producing a net speed ratio 
25 between roller 1 1 0 and web 1 40 which has a much re- 
duced or a negligible variation over short periods of time, 
e.g., on a time scale of revolution of one of the rollers. 
A frequency of the required AC voltage signal is typically 
of the order of less than about 1 00 Hz, and the piezoe- 
30 lectric actuators are provided with a correspondingly 
suitable frequency of response as may be necessary. It 
may be useful to employ an auxiliary device such as for 
example a piezoelectric sensor or a transducer to sense 
mechanical displacements or pressure changes asso- 
35 elated with differential overdrive caused by runout. Fluc- 
tuating displacements or pressure changes in nips 105 
and 115 are converted by the auxiliary device to a time 
varying voltage signal which is sent to the LCU and 
thereby used, in feedback mode, to actuate nulling or 
40 damping response movements to be applied to lever 
arms 1 25 by the piezoelectric activators so as to smooth 
out speed ratio fluctuations associated with the runout. 
The auxiliary sensor may be conveniently located, for 
example, between one of the bearings 1 22 and a corre- 
45 sponding lever arm 1 25, i.e., sandwiched between them 
such that a sensing area of the piezoelectric sensor 
abuts the bearing, the sensor securely attached to both 
bearing 122 and the lever arm 125 (not illustrated). 
[0066] FIG. 6b shows an alternative embodiment to 
50 the above embodiment, designated as 100', wherein 
single primed (') entities are in all respects similar to 
those of embodiment 1 00. Apparatus 1 00* differs from 
apparatus 100 in that shafts 11V, 12V and 13V are mu- 
tually parallel but not coplanar. Shafts 11V and 13V are 
55 fixed while shaft 12V is moved by an engagement ad- 
justment device (EAD) to simultaneously adjust the en- 
gagements in nips 105' and 115*. Dashed lines subtend- 
ing an angle 6 and labeled B 1 and B 2 respectively con- 



18 



35 



EP 1 237 054 A1 



36 



nect shafts 11V and 13V and shafts 12V and 131\ the 
lines B 1 and B 2 being perpendicular to shafts 11V, 12V 
and 13V. When movable shaft 1 2 V is moved by an EAD 
along line ^ towards fixed shaft 13V, ah increase of 
engagement in nip 115* has a magnitude greater than 
the accompanying decrease of engagement in nip 105*. 
Similarly, when movable shaft 12V is moved by an EAD 
along line B2 away from fixed shaft 1 3V, a decrease of 
engagement in nip 115' has a magnitude greater than 
the accompanying increase of engagement in nip 105'. 
In other words, a motion of shaft 12V along B 2 produces 
a larger displacement in nip 115* than in nip 105', and 
this difference in displacement is determined by the 
magnitude of the angle 6. The larger is 9, the greater the 
difference in displacement. A suitable magnitude of 6 
will be determined by various factors, for example in- 
cluding the mechanical properties and dimensions of 
rollers 110', 120' and 130* or constrained by space lim- 
itations in a machine. Apart from the fact that rollers 110', 
12V and 13V are not coplanar and that the directions of 
motion of adjustments to engagement in nips 105' and 
115' are not parallel, the primed entities of embodiment 
1 00* are otherwise employed entirely similarly to the cor- 
responding entities of embodiment 100, including the 
associated EADs and prime movers. A preferred EAD 
includes lever arms 125', although any suitable EAD 
may be used as is appropriate. A preferred prime mover 
for lever arms 125* is a piezoelectric actuator 126' as 
described herein for embodiment 1 00, preferably used 
in conjunction with an auxiliary piezoelectric sensor or 
transducer as described for embodiment 1 00 in order to 
suppress effects of differential overdrive. 
[0067] Another alternative to embodiment 1 00' not in- 
cluding lever arms 125' includes a fixed shaft 12V and 
movable shafts 11 V and 13V, with engagements in nips 
105' and 115* being adjustable in a manner described 
above by one or more EADs, either jointly or separately. 
[0068] FIG. 6c shows another alternative embodi- 
ment to the embodiment immediately above, designat- 
ed as 100", wherein double primed (") entities are in all 
respects similar to those of embodiment 1 00. Apparatus 
1 00° differs from apparatus 1 00 in that shafts 1 1 1", 1 21 " 
and 131" are mutually parallel but not coplanar. Shafts 
1 11 " and 1 31 " are fixed while shaft 1 21 " is moved by an 
engagement adjustment device (EAD) to simultaneous- 
ly adjust the engagements in nips 105" and 115". 
Dashed lines subtending an angle a and labeled B 3 and 
B 4 respectively connect shafts 111" and 131" and shafts 
121" and 131" the lines B3 and B 4 being perpendicular 
to shafts 11V, 121" and 131". When movable shaft 
121" is moved by an EAD along line B 4 towards fixed 
shaft 111", an increase of engagement in nip 105" has 
a magnitude greater than the accompanying decrease 
of engagement in nip 115". Similarly, when movable 
shaft 121 ■ is moved by an EAD along line B 4 away from 
fixed shaft 111", a decrease of engagement in nip 
105" has a magnitude greater than the accompanying 
increase of engagement in nip 115". In other words, a 



motion of shaft 121" along B 4 produces a larger dis- 
placement in nip 115" than in nip 105", and this differ- 
ence in displacement is determined by the magnitude 
of the angle a. The larger is a, the greater the difference 

5 in displacement. A suitable magnitude of a will be de- 
termined by various factors, for example including the 
mechanical properties and dimensions of rollers 110", 
120" and 130" or constrained by space limitations in a 
machine. Apart from the fact that rollers 110", 121" and 

10 1 31" are not coplanar and that the directions of motion 
of adjustments to engagement in nips 1 05" and 115" are 
not parallel, the double primed entities of embodiment 
100" are otherwise employed entirely similarly to the 
corresponding entities of embodiment 1 00, including the 

15 associated EADs and prime movers. A preferred EAD 
includes lever arms 125", although any suitable EAD 
may be used as is appropriate. A preferred prime mover 
for lever arms 125" is a piezoelectric actuator 126" as 
described herein for embodiment 100, preferably used 

20 in conjunction with an auxiliary piezoelectric sensor or 
transducer as described for embodiment 1 00 in order to 
suppress effects of differential overdrive. 
[0069] FIG. 7 shows a computer simulated rolling be- 
havior of a compliant elastomeric Intermediate transfer 

25 roller suitable for use in an electrophotographic engine 
as a function of engagement. This simulation was per- 
formed using a geometry equivalent to that shown in 
FIG. 2b considering the case of driving of a rigid plate 
on a friction less support. Speed ratio, i.e., the ratio of 

30 the speed of the plate divided by the peripheral speed 
of the roller far from the nip is on the ordinate, and en- 
gagement on the abscissa. For purpose of illustration 
the roller includes a rigid cylindrical core 339 mm in di- 
ameter and a 6 mm thick blanket layer surrounding the 

35 core, the blanket layer being for all practical purposes 
incompressible with a Poisson ratio □ equal to 0.490. It 
may be seen that for zero drag the plate is overdriven 
by the roller for all engagements, and the sensitivity of 
the speed ratio to engagement is similar to the slope of 

40 the upper line of FIG. 3c. On the other hand, for a con- 
stant drag force equivalent to a retarding torque on the 
roller shaft of 7.26 inch-ounces per inch along the roller, 
the curve is displaced and a smaller engagement Is re- 
quired to produce the same speed ratio. In practical sys- 

45 terns, drag is always present to a greater or a lesser ex- 
tent, such as for example drags produced by develop- 
ment stations and cleaning stations. A typical value of 
drag has been chosen in FIG. 7 to show that speed ra- 
tios of 1 .000 can be obtained for geometries of practical 

so interest by adjusting the engagement when drag forces 
are present. Moreover, when drag forces or torques are 
present in embodiments 30, 100, 100' and 100", the 
drag typically affects both nips similarly, I.e., a reduced 
magnitude of an overdrive in one nip caused for exam- 

55 pie by a retarding drag is effectively balanced by a re- 
duced magnitude of an overdrive in the other nip. As a 
result, when drag forces or torques are present, it is gen- 
erally possible to eliminate overdrive or underdrive by 
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simultaneously increasing the engagement in one of the 
transfer nips and decreasing the engagement in the oth- 
er nip, as shown for the zero drag cases illustrated in 
Figs 3 c,d,e. 

[0070] FIG. 8 shows a preferred modular color elec- 
trophotographic reproduction apparatus 200 including a 
plurality of modules of the type shown and described for 
the embodiments of FIG. 6 a,b,c, each module of which 
is independently provided with a preferred engagement 
adjustment device (EAD) including lever arms as de- 
scribed above for FIG. 6 a,b,c. Use of the EADs accord- 
ing to the invention solves a problem of overdrive or un- 
derdrive which varies module-to-module, e.g., because 
of random (typically small) variations in as-manufac- 
tured roller dimensions or variations in mechanical char- 
acteristics of individual imaging rollers or conformable 
intermediate transfer member rollers. 
[0071] The apparatus designated as 200 shown in 
FIG. 8 is a full color electrophotographic printing press 
or apparatus and includes a plurality of electrophoto- 
graphic modules working in parallel. The apparatus has 
some similarity to that described in T. Tombs et al. f U.S. 
Patent No, 6,075,965 the content of which is incorporat- 
ed herein by reference. Each electrophotographic mod- 
ule 201 , 301 , 401 and 501 produces a different color 
image and all operate simultaneously to construct a 
four-color image. For example, the colors in order from 
left to right may be black, cyan; magenta and yellow. 
Although four modules are showing, more or fewer mod- 
ules may be used. With regard to image module 201, 
there are shown various devices for creating a toner im- 
age on the primary image forming member (PIFM) 221 
and similar devices are also associated with the PIFMs 
321 , 421 and 521 but not illustrated. A primary charger 
202 applies a uniform electrostatic primary charge to the 
photoconductive member 221 which is in the form of a 
drum or roller. An LED, laser or other suitable imaging 
source 203 which may even be an image projection de- 
vice, image-wise modulates the electrostatic primary 
charge to form an electrostatic latent image on the pe- 
ripheral surface of the photoconductive member 221 . 
The latent image on the photoconductive member is de- 
veloped with dry pigmented insulative toner particles by 
development station 204 to form a developed toner par- 
ticle image and electrostatically transferred in primary 
toner image transfer nip 21 6a to an intermediate transfer 
member or roller (ITR) 21 0. Other modules have respec- 
tive primary nips 31 6a, 41 6a, 51 6a between a respec- 
tive primary image forming member (PIFM) and a re- 
spective ITR. The material characteristics and dimen- 
sions of layers included in PIFM 221 and in ITR 210, 
respectively, are similar in all respects to the described 
material characteristics and dimensions of layers includ- 
ed in similarly functional rollers 31 and 41 of FIG. 3b, 
respectively, and similarly for the other modules. Thus, 
PIFM 221 is typically relatively nonconformable. Alter- 
natively, it may be conformable, i.e., including a compli- 
ant elastomeric layer which is for all practical purposes 



incompressible, or it may include a resilient foam layer. 
ITR 210 is preferably conformable. Preferably, it in- 
cludes a compliant elastomeric layer which is for all 
practical purposes incompressible. Alternatively, ITR 
5 210 may include a resilient foam layer. However, any 
suitable materials and dimensions may be used for 
PIFM 221 and ITR 210. The developer may be a so- 
called single component developer wherein the carrier 
and toner particles are one and the same. Preferably, 
10 however, the developer includes at least two compo- 
nents; e.g., non-marking magnetic carrier particles and 
marking non-magnetic insulative toner particles. In ad- 
dition, the developer can also include so-called "third 
component" addenda such as, for example, submicron 
15 silica particles to enhance toner transfer charge stability 
and developer flow properties. For high quality images, 
toners having relatively small particle size are preferred, 
such as toners that have a mean volume weighted av- 
erage diameter between 2 micrometers and 9 microm- 
20 eters, as can be measured by commercially available 
equipment such as a Coulter Multisizer. Typically, the 
toner particles are triboelectrically charged in the devel- 
oper station and transferred through electrostatic attrac- 
tion to the PIFM to develop the electrostatic latent im- 
25 age. An electrical power supply 213 applies a voltage, 
e.g. a DC electrical voltage bias of proper polarity to ITR 
21 0 to attract the oppositely charged toner particles of 
the toner image to transfer to the ITR. After transfer, the 
surface of the rotating photoconductive member 221 is 
30 moved to a cleaning station 205 wherein any untrans- 
ferred toner remnants and other debris are cleaned from 
the surface and the surface is prepared for reuse for 
forming the next image to be developed with the partic- 
ular color toner associated with this module. A cleaning 
35 brush 206 or other cleaning device may be provided for 
ITR 210 as shown. In this embodiment, a single trans- 
port web 21 5 in the form of an endless belt serially trans- 
ports each of the receiver members or sheets 231 A, 231 
B, 231 C and 231 D through four secondary toner image 
40 transfer nips 21 6b, 31 6b, 41 6b and 51 6b formed by the 
ITRs 21 0, 31 0, 41 0 and 51 0, respectively of each mod- 
ule with respective transfer backup rollers 261 , 361 , 461 
and 561 where each color separation image is trans- 
ferred in turn to a receiver member so that each receiver 
45 member receives up to four superposed registered color 
images to be formed on one side thereof. 
[0072] The insulative endless belt or web (IEW) 215 
is preferably made of a material having a bulk electrical 
resistivity greater than 10 5 ohm-cm and where electro- 
50 static hold down of the receiver member is not em- 
ployed, it is more preferred to have a bulk electrical re- 
sistivity of between 10 8 ohm-cm and 10 11 ohm-cm. 
Where electrostatic hold down of the receiver member 
is employed, it is more preferred to have the endless 
55 web or belt have a bulk resistivity of greater than 1 x 
10 12 ohm-cm. This bulk resistivity is the resistivity of at 
least one layer if the belt is a multilayer article. The web 
material may be of any of a variety of flexible materials 
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such as afluorinated copolymer (such as polyvinylidene 
fluoride), polycarbonate, polyurethane, polyethylene 
terepht halate , polylmldes (such as Kaptqn®), polyeth- 
ylene napthoate, or silicone rubber. Whichever material 
that is used, such web material may contain an additive, 
such as an anti-static (e.g. metal salts) or small conduc- 
tive particles (e.g. carbon), to impart the desired resis- 
tivity for the web. When materials with high resistivity 
are used (i.e., greater than about 10 11 ohm-cm), addi- 
tional corona charger(s) may be needed to discharge 
any residual charge remaining on the web once the re- 
ceiver member has been removed. The belt may have 
an additional conducting layer beneath the resistive lay- 
er which is electrically biased to urge marking particle 
image transfer/however, it is more preferable to have 
an arrangement without the conducting layer and in- 
stead apply the transfer bias through either one or more 
of the support rollers or with a corona charger. The end- 
less belt is relatively thin (20 micrometers to 1 000 mi- 
crometers, preferably, 50 micrometers to 200 microme- 
ters) and is flexible. 

[0073] Registration of the various color images re- 
quires that a receiver member be transported through 
the modules in such a manner as to eliminate any pro- 
pensity to wander and a toner image being transferred 
from an ITR in a given module must be created at a 
specified time. The first objective may be accomplished 
by electrostatic web transport whereby the receiver is 
held to the transport web (IEW) 215 which is a dielectric 
or has a layer that is a dielectric. A charger 269, such 
as a roller, brush or pad charger or corona charger may 
be used to electrostatically adhere a receiver member 
onto the web. The second objective of registration of the 
various stations' application of color images to the re- 
ceiver member may be provided by various well known 
means such as by controlling timing of entry of the re- 
ceiver member into the nip in accordance with indicia 
printed on the receiver member or on a transport belt 
wherein sensors sense the indicia and provide signals 
which are used to provide control of the various ele- 
ments. Alternatively, control may be provided without 
use of indicia using a robust system for control of the 
speeds and/or position of the elements. Thus, suitable 
controls including a logic and control unit (LCU) can be 
provided using programmed computers and sensors in- 
cluding encoders which operate with same as is well 
known in this art. 

[0074] Additionally, the objective may be accom- 
plished by adjusting the timing of the exposure forming 
each of the electrostatic latent images; e.g. by using a 
fiducial mark laid down on a receiver in the first module 
or by sensing the position of an edge of a receiver at a 
known time as it is transported through a machine at a 
known speed. As an alternative to use of an electrostatic 
web transport, transport of a receiver through a set of 
modules can be accomplished using various other 
methods, including vacuum transport and friction rollers 
and/or grippers. 



[0075] In the embodiment 200 of FIG. 8, each module 
201 , 301 , 401 and 501 is of similar construction to that 

shown in FIGS. 6a-c except that as shown one transport 

web operates with all the modules and the receiver 

5 member is transported by the I EW from module to mod- 
ule. Four receiver members or sheets 231 A, B, C and 
D are shown about to be receiving images from the dif- 
ferent modules, it being understood as noted above that 
each receiver member may receive one color image 

10 from each module and that up to four color images can 
be received by each receiver member. Each color image 
may be a color separation image. The movement of the 
receiver member with the transport belt (IEW 215) is 
such that each color image transferred to the receiver 

'5 member at the secondary toner image transfer nip 
(216b, 316b, 416b, 516b, respectively) of each module 
formed with the transport belt is a transfer that is regis- 
tered with the previous color transfer so that a four-color 
image formed in the receiver member has the colors in 

20 registered superposed relationship on the receiver 
member. The receiver members are then transported to 
a fusing station 250 as is the case for all the embodi- 
ments to fuse the dry toner images to the receiving 
member using heat and pressure. A detack charger 21 8 

25 or scraper may be used to overcome electrostatic at- 
traction of the receiver member to the IEW such as re- 
ceiver member 231 E upon which one or more toner im- 
ages are formed. The transport belt is reconditioned by 
providing charge to both surfaces by opposed corona 

30 chargers 21 6, 217 which neutralize charge on the sur- 
faces of the transport belt. 

[0076] In the embodiment of FIG. 8 a receiver mem- 
ber may be engaged at times in more than one image 
transfer nip and preferably is not in the f user nip and an 

35 image transfer nip simultaneously. The path of the re- 
ceiver member for serially receiving in transfer the var- 
ious different color images is generally straight facilitat- 
ing use with receiver members of different thickness. 
Support structures are provided before entrance and af- 

40 ter exit locations of each transfer nip to engage the 
transport belt on the backside and alter the straight line 
path of the transport belt to provide for wrap of the trans- 
port belt about each respective intermediate transfer 
member (ITM) so that there is wrap of the transport belt 

45 of greater than 1 mm on each side of the nip. This wrap 
allows for reduced pre-nip and post-nip ionization. The 
nip is where the pressure roller contacts the backside of 
the web or where no roller is used where the electrical 
field for image transfer to a receiver sheet is substan- 

so tiaily applied but preferably still a smaller region than the 
total wrap of the transport belt about the ITM. The wrap 
of the transport belt about the ITM also provides a path 
for the lead edge of the receiver member to follow the 
curvature of the ITM but separate from engagement with 

55 the ITM while moving along a line substantially tangen- 
tial to the surface of the cylindrical ITM. Pressure of the 
transfer backup rollers 261 , 361 , 461 and 561 upon the 
backside of the transport belt forces the surface of the 
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compliant ITM to conform to the contour of the receiver 
member during transfer. Preferably, the pressure of the 
backup ro ll ers on the transport be lt is 7 pounds per 
square inch or more and it is also preferred to have the 
backup rollers have a layer whose hardness is in the 
same range for the compliant layer of the ITM noted 
above. The electrical field in each nip is provided by an 
electrical potential provided to the ITM and the backup 
roller. Typical examples of electrical potential might be 
grounding of a conductive stripe or layer on the photo- 
conductive member, an electrical bias of about 600 volts 
on the ITM and an electrical bias of about 900 volts on 
the backup roller. The polarity would be appropriate for 
urging electrostatic transfer of the charged toner parti- 
cles and the various electrical potentials may be differ- 
ent at the different modules. In lieu of a backup roller, 
other means may be provided for applying the electrical 
field for transfer to the receiver member such as a co- 
rona charger or conductive brush or pad. 
[0077] Drive to the respective modules is preferably 
provided from a motor M which is connected to drive 
roller 228, which is one of plural (two or more) rollers 
about which the IEW is entrained. The drive to roller 228 
causes belt 215 to be preferably frictionalty driven and 
the belt frictionally drives the backup rollers 261, 361, 
461 and 561 and also the intermediate transfer rollers 
(ITRs) 210,310,410 and 51 0. The respective ITRs 21 0, 
310, 410 and 510 then frictionalty provide drive in the 
directions indicated by the arrows through respective 
nonslip engagement to the respective photoconductive 
members 221 , 321 , 421 and 521 so that the image bear- 
ing surfaces run synchronously for the purpose of prop- 
er registration of the various color separations that make 
up a completed color image. 

[0078] Each module is provided with an engagement 
adjustment device (EAD). The EAD of each module in- 
creases an engagement in one of the primary or sec- 
ondary transfer nips, and decreases the engagement in 
the other nip. Preferably, these adjustments are made 
simultaneously. For example, the engagement of trans- 
fer nip 21 6a may be increased by the action of an EAD 
and the engagement of transfer nip 21 6b simultaneous- 
ly decreased, or vice versa. The changes of engage- 
ment produced by adjusting the two nips with the EAD 
is such that a net speed ratio measured between web 
215 and the peripheral surface of roller 221 far away 
from the nip is made equal to a predetermined value, In 
a manner similar to that discussed above for the embod- 
iments of FIG. 6 a,b,c and the simplified model relating 
to FIG. 3 c,d,e. Preferably, this predetermined value is 
1 .000, thereby eliminating overdrive or underdrive be- 
tween roller 221 and a receiver member adhered to web 
21 5, the receiver and web moving at the same speed. 
The action of the EADs of the other modules similarly 
provides the same predetermined speed ratio in each 
of the modules. It is to be understood that any suitable 
EAD may be employed which increases the engage- 
ment in one of the transfer nips, e.g., nip 216a and de- 



creases the engagement in the other, e.g., nip 216b, 
preferably simultaneously. A substantial elimination of 
py^rdrjye_ls_pj^ferablyj accomplished in each color mod- 
ule so that each latent image on the photoconductive 
5 elements 221 , 321 , 421 and 521 once developed as a 
toned image, can be accurately transferred with minimal 
distortion to ITMs 21 0, 31 0, 41 0, 51 0. The toned Images 
are transferred sequentially to a respective receiver 
electrostatically attached to the transport web 21 5 sup- 
to ported by backup rollers 261 , 361 , 461 , 561 as the re- 
ceiver successively passes underneath the respective 
ITMs through nips 216b, 316b, 416b, 516b. The power 
supply 213 provides a respective electrical bias poten- 
tial to each ITM 21 0, 31 0, 41 0 and 51 0 and also electri- 
fy calty biases the backup rollers 261 , 361 , 461 and 561 
with a respective DC voltage of suitable polarity to elec- 
trostatically attract the respective toner on the respec- 
tive ITM to the receiver sheet in the respective nip. The 
substantial elimination or reduction of overdrive (or un- 
20 derdrive) in this embodiment may be accomplished by 
the various mechanisms described herein. 
[0079] Preferably, an engagement adjustment device 
(EAD) is used which includes lever arms secured fixedly 
to rigid frame elements, such as described above for the 
25 embodiments of FIG. 6 a,b,c. Module 201 includes a pri- 
mary image forming member (PIFM) roller 221 forming 
a first transfer nip 21 6a with a conformable intermediate 
transfer roller (1TR) 210, and a transfer backup roller 261 
forming a second transfer nip 21 6b with ITR 210. Typi- 
30 cally, rollers 221 and 261 are relatively nonconformable 
or hard. However, in some applications one or both of 
rollers 221 and 261 may have conformability. PIFM 221 
is shown rotating clockwise and is provided with a co- 
axial shaft 209 projecting from each end of roller 221 . 
35 Shaft 209 is supported by bearings 242a secured to 
frame portions 243a of the electrostatographic machine. 
ITR 21 0 is shown rotating anti -clockwise on a cdaxial 
shaft 219 projecting from each end of roller 310, shaft 
219 being parallel to shaft 209 and supported by bear- 
40 ings 242b. PIFM 221 is frictionally driven by ITR 21 0 in 
a nonslip condition of engagement in the first transfer 
nip 216a. Backup roller 261 is shown rotating clockwise 
on a coaxial shaft 229 projecting from each end of roller 
261 , shaft 229 being parallel to shaft 21 9 and supported 
45 by bearings 242c secured to frame portions 243b of the 
electrostatographic machine. ITR 21 0 is frictionally driv- 
en by the web 21 5 in a nonslip condition of engagement 
with the web in the second transfer nfp 216b. Similarly, 
when a receiver sheet, e.g., receiver 231 A is in nip 21 6b, 
50 the ITR 210 is frictionally driven in a nonslip condition 
of engagement by contact with the receiver adhered to 
the web. Parallel shafts 209, 21 9 and 229 are shown as 
coplanar in FIG. 8. Alternatively, shafts 209 and 21 9 may 
lie in one plane and shafts 21 9 and 229 in another, such 
55 as illustrated in FIGS. 6b and 6c. The preferred EAD 
includes lever arms indicated as 240 in module 201 
which are preferably attached to bearings 242b and fix- 
edly secured to frame portions 241 as previously de- 
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scribed in other embodiments above. As also described 
in detail above for embodiments 50, 50', 1 00, 1 00', and 
1 00". t he end s of the lever arms 240 that are not secured . 
to a frame portion can be moved separately or jointly by 
a prime mover 230, i.e., up (down) along an arc Y1 which 
moves shaft 21 9 correspondingly up (down), thereby in- 
creasing (decreasing) an engagement in nip 216a and 
simultaneously decreasing (increasing) an engagement 
in nip 216b. Movement of each shaft 219 by a prime 
mover, e.g., separately or jointly, maintains the parallel- 
ism with shafts 209 and 229. The prime mover(s) may 
include screws, cams, gears or other suitable movable . 
mechanical members as described above, including pi- 
ezoelectric devices. The magnitudes of the engagement 
adjustments may be set manually or through an auto- 
matic system such as a servo system which preferably 
includes sensors to assess the value of the adjustment 
needed and so change the engagement by the appro- 
priate prime mover, e.g., through a feedback loop. In the 
other modules 301 , 401 and 501 , respective EADs pref- 
erably including lever arms 340, 440 and 540 are simi- 
larly employed through arcs Y2, Y3 and Y4 to produce 
speed ratios equal to the same value as for module 201 , 
i.e., speed ratios preferably equal to 1 .000. In this way, 
as a receiver moves through the modules all of the sin- 
gle color toner images transferred sequentially to the re- 
ceiver to form a full color toner image will be in excellent 
registration. 

[0080] In an alternative embodiment to embodiment 
200 (not illustrated) the axis of roller 21 0 is the fixed axis, 
i.e., with bearings 242b fixedly secured to a frame por- 
tion and the separations between shafts 209 and 219 
and between shafts 219 and 229 being adjustable, sep- 
arately or jointly, by an engagement device (EAD). In 
this alternative embodiment, lever arms 240 are not 
used. Instead, the EAD is provided with one or more ap- 
propriate prime movers for moving the respective shafts 
of one or both rollers 209 and 229 in order to alter the 
engagements in nips 216a and 216b, keeping all of the 
roller shafts of the module parallel throughout. Prefera- 
bly, both of the separations between shafts 209 and 219 
and shafts 21 9 and 229 are simultaneously adjusted by 
respective prime movers. Actuation of a prime mover 
may be accomplished by appropriate mechanical cou- 
pling to a suitable drive mechanism, either via a manu- 
ally activated drive or via a motor drive, as previously 
described above for other embodiments. In the alterna- 
tive embodiment it is further preferred that when an en- 
gagement in nip 216a is increased, the engagement in 
nip 21 6b is decreased, or vice versa. Also, in this alter- 
native embodiment to embodiment 200, a preferred 
EAD for adjusting the engagement of each of nips 21 6a 
and 21 6b includes rigid lever arms (not shown) fixedly 
secured to rigid frame portions (not shown) and corre- 
sponding prime movers for moving both of shafts 209 
and 229 preferably simultaneously and in a parallel 
fashion entirely similar to that described above for ap- 
paratus 30. In this alternative embodiment, engage- 



ments of the corresponding primary and secondary 
transfer nips in the other modules 301 , 401 and 501 are 

similarly_controlled by. similar engagement adjustment 

devices for adjusting the locations of the shafts of the 

s imaging and backup rollers while keeping unchanged 
the locations of the shafts of the corresponding interme- 
diate transfer rollers. 

[0081] A logic and control unit (LCU) may be em- 
ployed to control the motion of a prime mover of an en- 

10 gagement adjustment device (EAD) used to adjust an 
engagement in nips 21 6a and 21 6b of module 201 , and 
similarly for the other modules. In a preferred method, 
fiducial marks or indicia preferably in the form of identi- 
cally spaced parallel fine lines or bars are provided, e. 

is g., on roller 221 . These lines or bars are preferably par- 
allel to shaft 20j9, and preferably have a predetermined 
center-to center distance which is known precisely. The 
fiducial marks may be included as permanent markings 
of, or in, the outer layer of roller 221 may be placed for 

20 example near one edge of the roller, i.e., outside of the 
toner image area. Alternatively, fiducial marks such as 
in the form of fine markings or rulings may be provided 
on wheels secured coaxially to shaft 209. As roller 221 
rotates, a sensor 251 situated far from the distorted 

25 pressure nip 21 6a senses the passage of the fine lines 
or rulings moving past the sensor and sends signals to 
the LCU which the LCU decodes as an angular velocity, 
so that if the radius of roller 221 is accurately known the 
peripheral speed of the roller may be calculated with ac- 

30 curacy. This calculated peripheral speed is then com- 
pared in the LCU to the known speed of web 215, where- 
upon a prime mover for an EAD is actuated by suitable 
signals sent from the LCU to the prime mover, e.g., to 
move lever arms 240 of module 210. If desired or nec- 

35 essary, similar fine lines or bars having a known spatial 
frequency may be provided on the outer (upper) surface 
of web 215, and signals sent to the LCU produced by 
passage of these lines past a sensor 252 may similarly 
be converted by the LCU into a speed which is com- 

40 pared in the LCU with the speed determined from the 
angular velocity of roller 221 . Preferred prime movers 
for lever arms 240, 340, 440 and 540 are piezoelectric 
actuators (not shown) such as described herein for em- 
bodiment 100, preferably used in conjunction with aux- 

45 iliary piezoelectric sensors or transducers as described 
for embodiment 100 in order to suppress effects of dif- 
ferential overdrive in each of the modules. 
[0082] Alternatively, fiducial marks on the surface of 
roller 31 may be provided in the form of a toner test im- 

50 age, such as for example an electrophotographically 
created set of parallel equi-spaced toned bars or lines 
having directions perpendicular to the direction of rota- 
tion of roller 221 . These toned bars or lines on the sur- 
face of roller 221 are sensed by a sensor 251 as they 

55 move past the sensor and corresponding signals are 
sent from sensor 36 to the LCU, the number of bars or 
lines passing the sensor in unit time being equal to a 
frequency j which is stored in the LCU. The toner bar 
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test image is transferred to intermediate transfer roller 
21 0 via nip 21 6a and thence from roller 21 0 to a receiver 
passin g through nip 216b. The receiver ma y be ajest 
sheet used specifically for correcting for overdrive or un- 
derdrive. As the test sheet moves past a sensor 252 a 
frequency, say j\ of passage of the, toned bars or lines 
on the receiver past the sensor is stored in the LCU from 
signals sent from sensor 252 to the LCU. Generally, as 
a result of overdrive or underdrive in nip 216b, the fre- 
quencies j and j' will not be the same. An adjustment of 
the engagements in both nips 216a and 216b is provid- 
ed via lever arms 240 such that a difference between 
the frequencies j and j* is equal to an operational or a 
predetermined value stored in the LCU. This operational 
or predetermined value corresponds to an operational 
or predetermined speed ratio, e.g., of the peripheral 
speed of roller 221 divided by the speed of web 215, 
where the speed of the web is the same as that of the 
receiver adhered to the web. Preferably, the operational 
or predetermined difference (j - j') equals zero, and the 
operational or predetermined speed ratio is 1 .000. 
[0083] In color electrostatographic machine embodi- 
ment 200, modules 201 , 301 , 401 and 501 may each be 
used to make a similar set of short bars or lines, e.g., 
on a test receiver, with each single color set being pref- 
erably displaced, e.g., in a direction parallel to the axis 
of shaft 32, so that no set overlaps another, and a similar 
frequency measuring and comparison procedure is 
used in each station. After passage through the first sec- 
ondary transfer nip 21 6b, the test receiver is transported 
by web 215 through the other secondary nips 316b, 
41 6b and 51 6b. Alternatively, frequency j' and the cor- 
responding frequencies of the other test images trans- 
ferred to the test receiver may be sensed by one or more 
sensors located past the last module, e.g., between 
module 501 and charger 218, and the corresponding 
numbers of lines in the individual single color toner test 
patterns passing the sensor(s) per unit time are sent to 
the LCU so that the respective prime movers in each 
module may be suitably activated by signals from the 
LCU. 

[0084] Alternatively, a toner test image formed on roll- 
er 221 and transferred to a test receiver may include a 
registration test pattern, e.g., a well known rosette pat- 
tern of dots similar to that typically used in color printing 
applications. In embodiment 200, a separate registra- 
tion pattern from each color module is transferred to 
form a composite toner image on the test receiver sheet 
as it passes sequentially through the modules 201 , 301 , 
401 and 501 . The composite image on the test sheet is 
examined for registration, e.g., by using a loupe. If reg- 
istration of one or more of the color registration pattern 
images with the remaining color registration pattern im- 
ages is not satisfactory, then an engagement adjust- 
ment device (EAD) is used to adjust the engagement, 
e.g., manually, in the color station(s) corresponding to 
an unregistered color toner registration pattern image 
on the receiver, or a servo system may be used to acti- 



vate the corresponding EAD. A second set of registra- 
tion test pattern images is similarly formed by the mod- 
ules and transferred to anoth er test sheet and further 
adjustments to engagements similarly made by corre- 

s spending EADs. This procedure is repeated with subse- 
quent test sheets until the registration is satisfactory. 
[0085] When all modules have adjusted the respec- 
tive engagements by suitable EADs applied separately 
in each module so that the speed ratios are the same in 

10 each module and preferably equal to 1 .000 in all mod- 
ules, it will be evident that a full color image made im- 
mediately subsequent to the test sheet passing through 
the machine will be in good registration. A test sheet 
may be utilized at any convenient time, e.g., between 

15 runs. Thereby, changes in dimensions of rollers or other 
members due to wear, aging, temperature changes and 
so forth may be compensated for in a simple way without 
the need for complicated adjustments to the individual 
image writers. 

2Q [0086] The present invention has a number of advan- 
tages in a transfer system employing any conformable 
roller and in particular for conventional elastomeric lTM 
rollers so that it can be readily implemented. The appa- 
ratus of the invention is not strongly dependent on the 

25 properties of the rollers, their detailed dimensions or fric- 
tion coefficients, provided there is no gross slippage. 
[0087] The invention is also applicable to an electro- 
graphic process and to other image transfer systems 
which employ rollers for transferring images in register 

so to other members. The Invention is also highly suited for 
use in other electrostatographic reproduction apparatus 
such as; for example, those illustrated in FIGS. 9 and 
10. In the apparatus 300 of FIG. 9, a plurality of color 
electrophotographic modules M1, M2, M3 and M4 are 

35 provided but situated about a large rotating receiver 
transport roller31 9. Roller 31 9 is of sufficient size to car- 
ry or support one or more, and preferably as shown, at 
least four receiver sheet members RS1 , RS2, RS3, RS4 
and RS5 on the periphery thereof so that a respective 

40 color image is transferred to each receiver member as 
the receiver members each serially move from one color 
module to the other with rotation of roller 319. The re- 
ceiver members are moved serially from a paper supply 
(not shown) on to the drum or roller 31 9 in response to 

45 suitable timing signals from a logic and control unit 
(LCU) as is well known. After being fed onto roller 319, 
the receiver member R1 may be retained on the roller 
by electrostatic attraction or gripper member(s). The re- 
ceiver member, say RS1 , then rotates past module M1 

50 wherein a toner image formed on intermediate transfer 
member or roller ITM1 is transferred to RS1 at a sec- 
ondary transfer nip 31 5 between roller 329 (e.g., ITM1 ) 
and roller 319. Each ITM in this embodiment is formed 
with a conformable layer as described for the previously 

55 described embodiments herein so the problem of over- 
drive (or underdrive) is corrected for, as will be de- 
scribed. The toner image, for example black color, is first 
formed on primary image forming member PIFM 339 (e. 
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g., photoconductor PC1) in a manner as described for 
prior embodiments and transferred to 1TM1 at a primary 
transfer nip 309 between PC1 and ITM1 , preferabl y us- 
ing electrostatic transfer. PC1 and the other photocon- 
ductive drums may include a conformable layer. Drive 
is provided from a motor M. The other members are fric- 
tionally driven by the member receiving the motor drive 
through friction drive at each of the nips. Thus, if roller 
31 9 receives the motor drive, each ITM is driven without 
slip by f rictional engagement under pressure at the sec- 
ondary transfer nip. In addition to the frictional drive be- 
tween roller 31 9 and each ITM, there is a frictional drive 
without slip between each ITM and the respective PIFM 
such as PC1 at the no-slip engagement at the primary 
nip. Each primary and secondary nip has the members 
under pressure so that the ITMs each deform at each 
nip. Additionally, there is an engagement adjustment de- 
vice (EAD) provided to each ITM. 
[0088] Because of random (typically small) variations 
in as-manufactured roller dimensions or variations in 
mechanical characteristics of the rollers, e.g., individual 
PC rollers or conformable ITMs, a problem Is presented 
of overdrive or underdrive which varies module-to-mod- 
ule. Similarly, the presence of variable amounts or cov- 
erages of toner particles on individual PC rollers or ITMs 
in the different modules generally results in variations of 
the effective radii module-to-module, with correspond- 
ing variations of overdrive or underdrive due to the var- 
ying thicknesses of the toner layers on these members. 
The problem may be effectively resolved by providing 
an engagement adjustment device (EAD) in each mod- 
ule that adjusts the engagements, e.g., in nips 309 and 
315, to provide a predetermined net speed ratio of the 
peripheral speed of roller 339 measured far from nip 309 
divided by the peripheral speed of roller 319, also pref- 
erably measured far from any nip with an ITM, e.g., nip 
315. Similar EADs are provided modules M2, M3 and 
M4, respectively, to provide the same predetermined 
speed ratio as for module M1 . Preferably, this predeter- 
mined speed ratio is equal to 1 .000. An electrical bias 
is provided by power supply PS to the ITMs and to roller 
319 to provide suitable electrical biasing for urging 
transfer of a respective color toner image from a respec- 
tive PIFM such as photoconductive drums (PC1-4) to a 
respective ITM and from the ITM to a receiver sheet to 
form the plural color toner image on the receiver mem- 
ber as the receiver member moves serially past each 
color module to receive respective color toner images 
in register. After forming the plural color toner image on 
the receiver member, the receiver member, e.g., RS5 is 
moved to a fusing station (not shown) wherein the plural 
color toner images formed thereon are fixed to the re- 
ceiver member. The color images described herein have 
the colors suitably registered on the receiver member to 
form full process color images similar to color photo- 
graphs. 

[0089] The other color modules M2, M3 and M4 are 
similar to that described and may form toner images in, 



for example, cyan, magenta and yellow, respectively. 
[0090] In a preferred embodiment, roller 319 Is pro- 
vided with a coaxial shaft 365 su pported on bearings 
362, the bearings fixedly secured to a rigid frame portion 

s 364. Roller 339 (PC1) is provided with a coaxial shaft 
371 supported on bearings 372 fixedly secured to rigid 
frame portions 374. An engagement adjustment device 
(EAD) is provided including lever arms 353 fixedly se- 
cured to rigid frame portions 354, the lever arms being 

to also preferably attached to bearings 351 supporting a 
coaxial shaft 352 provided for roller 329 (ITM1). The 
nonfixed ends of lever arms 353 may be separately or 
jointly moved through an arc W1 by a suitable prime 
mover 370 such as described herein above. Movement 

15 of the lever arms 353 causes the engagement in one of 
the nips 309 and 315 to increase, and the engagement 
in the other nip to decrease. The shafts 351 , 365 and 
371 are mutually parallel before and during operation of 
the EAD, and may be coplanar as illustrated in FIG. 9, 

20 or alternatively the shafts may not lie in one plane, as 
for example shown in FIGS. 6b and 6c. A prime mover 
may be manually driven, or alternatively driven via a mo- 
tor or by an electrical signal, as described herein above. 
Similar EADs are provided to the other modules M2, M3 

25 and M4, including lever arms movable through arcs W2, 
W3 and W4 for respectively moving rollers 330, 331 and 
332, the locations of the shafts of the photoconductive 
rollers PC2, PC3 and PC4 being respectively fixed. 
[0091] As previously mentioned, the EAD for module 

30 M1 provides adjustments of the engagements in nips 
309 and 315 such that a peripheral speed of roller 339 
(PC1) far from nip 309 is the preferably the same as a 
peripheral speed of roller 31 9 far away from any nip, and 
similarly for the other modules. To accomplish this, indi- 

35 vidual color toner images, e.g., in the form of patterns 
of fine line or registration test patterns may for example 
be formed on photoconductive rollers PC1 , PC2, PC3 
and PC4 and transferred to a test receiver sheet, using 
the individual EADs in each module to suitably adjust 

40 the engagements in ways similar to the methods previ- 
ously described, e.g. , for embodiments 30, 1 00 and 200. 
[0092] Alternatively, a sensor 311 may be employed 
to sense fiducial marks, e.g., parallel tine markings pro- 
vided or formed on roller 339 or on a wheel secured co- 

45 axial ly to shaft 371 . A first frequency of passage of these 
fiducial marks past the sensor 311 is computed by and 
stored in a logic and control unit (LCU) from signals sent 
to the LCU by sensor 311. This first frequency may be 
compared with a second frequency of passage past an- 

50 other sensor 312 of a set of lines, provided or. formed 
on the outer surface of roller 319 or alternatively on a 
test receiver sheet, and the EAD of module M1 activated 
by the LCU to provide a predetermined difference be- 
tween the first and second frequencies, in ways similar 

55 to the methods previously described, e.g., for embodi- 
ments 30, 100 and 200. 

[0093] Preferred prime movers 370 for lever arms 353 
are preferably piezoelectric actuators such as described 
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herein for embodiment 100, and similarly for lever arms 
355, 356 and 357. The piezoelectric actuators are pref- 
erably use d in con j unction with auxi I iary .pjezoe lectric 
sensors or transducers as described for embodiment 
1 00 in order to suppress effects of differential overdrive 
in each of the modules. 

[0094] Other mechanisms may also be provided as 
disclosed herein for adjusting the engagements of the 
primary and secondary transfer nips in each module of 
embodiment 300. 

[0095] In the embodiment of FIG. 10, four-color mod- 
ules MV, M2\ M3\ and M4' are shown in the apparatus 
400 situated about a common intermediate transfer 
member (ITM) roller 41 8. Each color module is a primary 
image forming member (PIFM) having members asso- 
ciated therewith for forming a primary image on each 
corresponding PIFM of a respective color. Each color 
module preferably includes a photoconductive drum 
428 (PCV), 429 (PC2'), 430 (PC3') t 431 (PC4*) and 
forms a respective color toner image in a similar manner 
as for the PIFMs described above. Preferably, the order 
of color toner image transfer to the ITM 418 is PCV - 
yellow, PC2* - magenta, PC3' - cyan, and PC4' - black. 
The respective toner images formed on the respective 
photoconductive drums are each transferred electro- 
statically to the ITM 418 at a respective primary nip, e. 
g., nip 408 .formed with the ITM underpressure and with 
suitable electrical biasing provided by power supply PS* 
to ITM 418. Each color image is sequentially transferred 
in register to the outer surface of the ITM to form a plural 
color image on the ITM. Drive from a motor drive M' is 
preferably provided to ITM 41 8 which has a conformable 
layer, preferably a compliant elastomeric layer. The pho- 
toconductive drums PC1'-4' may include a conformable 
layer. The ITM is frictionally engaged (nonslip) with the 
photoconductive drums PCV-4' under pressure so that 
the respective nip areas of the ITM tend to distort. A re- 
ceiver member 448 is fed from a suitable paper supply 
in timed relationship with the four-toner color toner im- 
age formed serially in registered superposed relation- 
ship on the ITM, the four-color image being transferred 
to the receiver member at a nip 460 formed with backup 
roller 438. The power supply PS' provides suitable elec- 
trical biasing to backup roller 438 to induce transfer of 
the plural or multicolor image to the receiver member. 
The receiver member is then fed to a fuser member (not 
shown) for fixing of the four-color image thereto. A trans- 
port belt (not shown) may be used to transport the re- 
ceiver member 448 through the nip 460 wherein in the 
nip, the receiver member is between the ITM and the 
transport belt. 

[0096] Overdrive (or underdrive) corrections using 
engagement adjustment devices (EAD's) may be pro- 
vided as described herein for the previous embodi- 
ments, preferably using respective lever arms for adjust- 
ing the engagements. Thus, roller 418 is provided with 
a shaft 471 supported by bearings 472, the bearings be- 
ing fixedly secured to frame portions 473. An EAD' is 



provided including lever arms 453 fixedly secured to rig- 
id frame portions 454, the lever arms being also prefer- 
abl y attached to bearings 452 supporting at each end a 
coaxial shaft 451 provided for roller 428 (PCV). The 

s nonfixed ends of lever arms 453 may be separately or 
jointly moved through anarcXI by a suitable prime mov- 
er (PM') 470 such as described herein above. Move- 
ment of the lever arms 453 may cause the engagement 
in nip 408 to increase or decrease as required. Similar 

10 respective EAD's and prime movers are provided for 
modules M2', M3' and M4', including lever arms 457, 
458 and 459 movable through arcs X2, X3 and X4 for 
respectively moving the locations of rollers 429, 430 and 
431 , the locations of the shafts of the photoconductive 

15 rollers PC2", PC3' and PC4' being respectively fixed. 
[0097] Preferred prime movers for lever arms 453 are 
preferably piezoelectric actuators such as described 
herein for embodiment 1 00, and similarly for lever arms 
457, 458 and 459. The piezoelectric actuators are pref- 

20 erably used in conjunction with auxiliary piezoelectric 
sensors or transducers as described for embodiment 
1 00 in order to suppress effects of differential overdrive 
in each of the modules. 

[0098] The EAD' for module M1 ' provides adjustment 
25 of the engagement in nip 408 such that a ratio of a pe- 
ripheral speed of roller 428 (PCV) far from nip 408 di- 
vided by a speed of roller 418 far away from any nip is 
equal to a predetermined value, and similarly forthe oth- 
er modules. Inasmuch as embodiment module MV in- 

30 votves only two rollers, i.e., rollers 428 and 41 8, it is gen- 
erally not possible using an EAD' to eliminate overdrive 
(or underdrive) unless substantial drag forces or torques 
are present, such drag forces or torques being inherent 
to the system or applied by external mechanical means. 

35 Hence, a predetermined speed ratio is chosen which 
can be attained without gross slippage in nip 408. This 
same speed ratio is produced for each of the other nips 
of modules M2 1 , M3' and M4' by the respective EAD's. 
To accomplish this, individual color toner images, e.g., 

40 in the form of patterns of fine line or registration test pat- 
terns may for example be formed on photoconductive 
rollers PCV, PC2', PC3' and PC4' and transferred to a 
test receiver sheet, using the individual EAD's in each 
module to suitably adjust the engagements, e.g., by in- 

4? eluding a use of sensors 455 and 456 and fiducial marks 
in conjunction with LCU' in ways similar to the methods 
described previously herein. A fully registered 4-color 
toner image on a receiver will be the result. As described 
above in this paragraph, inasmuch as there will gener- 

50 ally be produced in each module the same uncompen- 
sated overdrive or underdrive associated with a speed 
ratio of the same magnitude in each module, this un- 
compensated overdrive or underdrive may be compen- 
sated for as is well known by suitably programming a 

55 programmable image writer in each module to form an 
electrostatic latent image of a proper length on each of 
photoconductive rollers PC1 ', PC2', PC3' and PC4'. This 
proper length is chosen so that when the respective 
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color toner images are transferred to roller 418, each 
such toner image will be stretched (or compressed) sim- 
ilarl y so that an un distorted full color ima ge In registry is 
formed on a receiver. 

[0099] Other mechanisms may also be provided as 
disclosed herein for adjusting the engagements of the 
primary and secondary transfer nips in each module of 
embodiment 400. 

[0100] As may be seen from the description above, 
engagement adjustment devices of the invention are 
well suited to apparatus featuring several image sepa- 
ration printing stations that are ganged together to pro- 
duce a complete electrophotographic print engine 
where the surface speeds of all nips are synchronized. 
Image damaging module-to-module variabilities of over- 
drives or underdrives associated with conformable fric- 
tionally driven members are drastically reduced. 
[0101] The improved apparatus and method including 
engagement adjustment devices compensates for roller 
wear in terms of dimensional changes and property 
changes that under other circumstances such as chang- 
es in ambient conditions would change the engagement 
characteristics and thus the overdrive or underdrive. 
Corrections for random variations in manufactured 
thickness of a conform able layer or layers on an imaging 
roller or an intermediate transfer roller are provided. 
[0102] In the various embodiments described above 
it is preferred that the conformable ITMs have a blanket 
layer having the characteristics described with refer- 
ence to compliant elastomeric ITR 41 of FIG. 3b as to 
Young's modulus, thickness, electrical resistivity and 
are preferably covered with a relatively thin, hard sur- 
face or covering layer with the properties described for 
such layer as in ITR 41 . Furthermore, as a preferred em- 
bodiment, the blanket layer or (where a hard outer cov- 
ering layer covers the blanket layer) the composite blan- 
ket layer including the hard outer covering layer prefer- 
ably has an operational Poisson ratio of approximately 
0.45 to 0.50 measurable as described above. 
[0103] In embodiments above in which fiducial marks 
are used in order to monitor surface speeds or angular 
speeds of members including rollers or other elements, 
the fiducial marks on a primary image forming roller, an 
intermediate transfer roller or a transport web may be 
provided to be removable and replaceable during the 
life of each of these members, e.g., by using an Inkjet 
machine or other marking mechanism to apply new 
marks after old marks are removed. 
[0104] Although intermediate transfer embodiments 
described above relate to intermediate transfer rollers 
and in particular to conformable intermediate transfer 
rollers, it will be appreciated that an intermediate trans- 
fer member web in the form of an endless loop having 
a conformable surface may be used in conjunction with 
an engagement adjustment device applied to the loop 
or another member coming into pressure contact with 
the web, such that the intermediate transfer web passes 
through a transfer pressure nip formed by a primary im- 



aging member roller and a backup roller, in which nip a 
toner image previously formed on the primary imaging 
member is transferred to the conformable surface, the 
web subsequently moving through another transfer nip 

s wherein the toner image is transferred to a receiver. 
[01 05] The invention has been described in detail with 
particular reference to certain preferred embodiments 
thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope 

10 of the invention. 



Claims 

15 1. An electrostatograhic machine having at least two 
rollers (11, 21; 31, 41, 46; 51, 52; 110, 120, 130; 
31 9, 329, 339; 41 8, 428, 438) being in engagement 
in one or more pressure nips either directly with their 
surfaces or indirectly via a web (53; 140) and/or 

20 sheets (54; 141 ; 312; 448) passing through the re- 
spective nips, at least one of said rollers being ro- 
tated by friction in one of said nips, characterized 
by an adjustment device (26, 27; 36-38; 59-61 ; 116, 
117, 126; 370, 470) for controlling a distance be- 

25 tween the axes (1 2, 22; 32, 42, 47) of at least two 
of said rollers. 

2. The machine of Claim 1 wherein said web has the 
form of an endless loop (215). 

30 

3. The machine of Claim 1 wherein at least one of said 
rollers is made of an elastomer. 

4. The machine of Claim 3 wherein said elastomer has 
35 a Poisson ratio in a range between approximately 

0.45 and 0.50. 

5. The machine of Claim 1 wherein at least one of said 
rollers includes a resilient foam. 

40 

6. The machine according to one of the preceeding 
claims wherein said at least one roller is a fusing 
roller for using a toner image on web or sheet. 

45 7. The machine of Claim 6 wherein one of said rollers 
(250) is a fuser roller and a second one is a pressure 
roller engaged to form a fusing nip, said web or 
sheets (231) passing through said fusing nip. 

50 8. The machine according to one of claims 1-5, where- 
in at least one roller is a transfer roller (120) for 
transferring a toner image from a primary image 
forming member (110) to a web or sheets (141). 

55 9. The machine according to one of the proceeding 
claims wherein at least two rollers each having a 
respective longitudinally coaxial axis, said axis be- 
ing mutually parallel said rollers being supported for 
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rotation around said axes by bearings (112, 122, 

132) wherein one of said axes is adjustable (121) 

an d at least one is not (111, 131), said adjustment 

device (126) being activated to controllably adjust 
engagement in at least one of said pressure nips 5 
(105, 115) by changing the distance of separation 
between said axes, said axes being kept parallel to 
one another upon such adjustment. 

10. The machine of Claim 9, wherein said bearings sup- 10 
porting each of said non-adjustable rollers are fix- 
edly secured to at least one rigid frame portion (113, 

133) of said electrostatographic machine, and fur- 
ther wherein said adjustment device includes at 
least two lever arms (125) for said at least one ad- *5 
justable roller, each lever arm having two ends, one 
end of each lever arm being secured to a rigid frame 
portion (123) of the electrostatographic machine 
and the other end being movable by a prime mover 
(126) of said at least one engagement adjustment 20 
device, each lever arm being attached to a bearing 
supporting a corresponding end of each of said ad- 
justable roller at a location part way along the length 

of said lever arm. 

25 

1 1 . The apparatus of Claim 8, wherein said at least one 
roller includes a primary image forming member 
(PIFM) roller (110), the PIFM being in a first pres- 
sure nip engagement in a first transfer nip (1 05) with 

an intermediate transfer roller (ITR, 120), the ITR 30 
being in a second pressure nip (115) engagement 
in a second transfer nip with a transfer backup roller 
(TBR, 130), and wherein said adjustment device 
adjusts said first and second pressure nip engage- 
ments by moving at least one roller (120) relative to 35 
the other rollers (110, 130) in order to increase an 
engagement in one of said nips and decrease an 
engagement in the other of said nips. 

12. The machine of Claim 1 1 , wherein said intermediate 40 
roller (ITR, 120) is adjustable and said PIFM and 
TBR rollers (110, 130) are non-adjustable. 

13. The machine of Claim 11 .wherein said intermediate 
(FTR) roller is non-adjustable and said PIFM and 
TBR rollers are both adjustable. 



two rollers (21 0, 231 , 261 ) in the respective module 
(201). 

1 6. A method for controlling a speed ratio of at least two 
rollers in an electrostatographic machine, of which 
rollers at least one is rotated by friction in a pressure 
nip formed between its surface and the surface of 
one of the other rollers either directly or indirectly 
characterized by the following steps: 

a) determining the surface speed of a first roller; 

b) determining the surface speed (i) of a second 
roller, and/or (ii) of a web or sheet passing 
through a nip between two rollers, 

c) adjusting the ratio of said surface speeds to 
a predetermined value by controlling the en- 
gagement in the pressure nip between two roll- 
ers. 

17. A method according to claim 16, 

wherein the control of the engagement of the rollers 
is effected by displacing at least one of the rollers 
radially. 

18. A method according to one of claims 16 or 17, 

wherein the predetermined speed value is 1. 

19. A method according to one of claims 16-18, 
wherein said surface speeds are permanently 
measured and said speed ratio is permanently ad- 
justed during a print operation of said electrostato- 
graphic machine. 



I* 



14. The machine according to one of the proceeding 
Claims wherein said web is transport web and 
sheets adhered to said rollers are transported by 50 
said transport web (140) through said pressure nip 
(115). 

15. The machine according to one of the preceding 
claims, wherein the machine has a plurality of im- 55 
age forming modules (201, 301, 401, 501), each 
module comprising an adjustment device (230) for 
controlling a distance between the axes of at least 
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